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i IS the usual procedure to interpret the 
pathologic conditions observed in roent- 
genograms of the chest as being in the up- 
per, middle or lower thirds of the puimo- 
nary field, or in the hilar, central or lateral 
thirds. Such interpretations disregard the 
larger anatomical units, the lobes of the 
lung. Anyone who is familiar with the path- 
ology of pulmonary tuberculosis in man 
should be acutely conscious of the impor- 
tance of the large anatomical units of the 
lung, for in this disease the preponderance 
of dangerous cavitating lesions occurs in 
the cephalad or superior portions of the 
lobes, and tuberculous foci in the inferior 
or caudal portions show a very strong 
tendency to retrogress completely or to be- 
come small, firm, encapsulated lesions. Be- 
cause of this peculiarity of pulmonary 
tuberculosis it is important to deter- 
mine whether the initial lesions and the 
“spreads” of the disease are in the upper 
or the lower portions of the lobes of the 
lung. 

The prominent position now held by 
thoracic surgery also calls for the location 
of pulmonary pathology in relation to the 
pulmonary lobes. If lobectomy is to be per- 


formed a preoperative location of the path- 
ologic condition enables the surgeon to 
appraise the physiological after-effect de- 
pendent upon the volume of tissue to be 
removed. The removal of the relatively 
small right middle lobe, for instance, should 
not cause any undue over-compensation 
of the remaining lung tissue, whereas the 
removal of a large lower lobe might cause 
a serious physiological complication at a 
date far removed from the operative pro- 
cedure. If thoracoplasty is under considera- 
tion and the pathologic condition can be 
demonstrated to be in the cephalic portion 
of the lower lobe, then it would seem to be 
a needless sacrifice of lung tissue to per- 
form a total thoracoplasty when only a 
limited area need be compressed. 

Before an interpretation of the relative 
position of pathologic conditions seen in 
roentgenograms of the chest is possible, it 
is necessary to demonstrate the limits of 
the lobes of the lungs and of the interlobar 
fissures in a three dimensional field in the 
normal chest. This is impossible because 
under normal conditions the interlobar 
fissures are not of sufficient density to cast 
a shadow that would demarcate the lobes. 
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It is well known from dissection of cadavers 
and from necropsy observations that inter- 
lobar fissures vary to a certain degree in 
both their extent and their position. For 
instance, the fissure between the upper and 
middle lobes of the right lung may vary 
from a small superficial depression to a 
complete separation of the lobes down to 
the bronchial tree at the hilum. Textbooks 
of anatomy offer little aid since the pul- 
monary lobes and their relation to bony 
landmarks are dealt with in a very sketchy 
manner. The absence of any satisfactory 
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method of orientation at present makes it 
impossible to determine whether lesions in 
certain areas are present within a certain 
lobe or an interlobar fissure. 

The only approach to a solution of this 
problem is upon an experimental basis. 
This was first attempted by Sampson, 
Heise and Brown' when they used wire 
gauze to locate the interlobar fissures in- 
side the thorax of a skeleton and then took 
roentgenograms from various angles. Later 
Berry and Childs? attempted to demon- 
strate interlobar fissures in cadavers by 


Fic. 1. This is an assemblage to illustrate the method of procedure and the casts used. At the top is the 


dummy set at an angle to show the anterior, posterior and lower divisions. It is assembled with the lung 
lobes and mediastinal contents in place and is ready for the taking of roentgenograms in any position 
desired. Just below the dummy is a paraffin cast of the mediastinal contents with the pleural surfaces 
covered with lead foil. To the left is the master plaster cast of the right lung as it appears from a medial 
view and to the right is the left lung as it appears from a lateral view. Below these structures there is 
a latex mold of a lobe of a lung and a mold assembled for the pouring of a cast of a lobe. Paraffin casts 
of the lung lobes are shown at the side—the three lobes of the right lung to the left and the upper and 
lower lobes of the left lung to the right. Throughout the study paraffin casts of the mediastinal contents 
and of lung lobes were used. 

Fic. 2. A posteroanterior roentgenogram showing the mediastinal contents covered with lead foil. When 
considered en masse the trachea and main bronchi, the esophagus, the heart, the large arteries and veins, 
and the areolar and adipose tissue form a considerably greater bulk than is generally realized when viewing 
the usual chest roentgenogram. The apparently large size of the mediastinal contents as shown in this 
roentgenogram emphasizes that fact. If the appearance portrayed here is kept in mind when the other 
roentgenograms are studied a clearer conception of the various structures shown will be obtained and the 
blocking out by the mediastinal contents of certain portions of fissure and lobes can be appreciated. 


Fic. 3. A posteroanterior roentgenogram with lead foil placed in the three interlobar fissures. Note that in 
this pair of lungs the interlobar fissure on the left side is highest at the level of the fourth rib at the postero- 
lateral part of the chest, while the analogous fissure on the right reaches its highest point at the level 
of the fifth rib at the costovertebral junction. The fissure between the upper and the middle lobe of the 
right lung has a slight upward concavity and extends almost horizontally at the level of the third rib 
ventrally. At full inspiration this level might readily be at a level between the third and the fourth ribs. 
The fissures follow the contour of the mediastinal contents and the major fissures extend down to the 
diaphragm. The two horizontal lines are drawn at the level of the fourth and the sixth costovertebral 
junctions and represent horizontal planes through the chest. The first rib shows only as a light line in this 
roentgenogram because of the angle at which the outline is pointed on the pleural surface. These points 
were chosen because they remain stationary, while the position of the ribs and the sternum changes some- 
what during the process of breathing. Note the relationship of the interlobar fissures to the two horizontal 
planes. The practical significance of this arbitrary division of the pulmonary field is presented in the text 


and with the description of Figures 24 to 31. 


Fic. 4. A right anterior oblique roentgenogram of the artificial chest shown in Figure 3. 


placing lead foil between the pulmonary 
lobes in situ. This procedure proved to be 
none too satisfactory because only antero- 
posterior roentgenograms of the chest 
could be obtained. It was also found that 
the cooperation necessary to carry on such 
a study was difficult to obtain. Levitin and 
Brunn* carved model lobes of the lungs out 
of paraffin which offered little resistance to 
the passage of roentgen rays, bringing out 
the interlobar fissures by means of lead foil 
inserted between the lobes. These models 
were placed in position within the skeleton 
of a thorax and roentgenograms were ob- 


tained in various positions, such as postero- 
anterior, oblique and lateral. To illustrate 
the condition observed in the roentgeno- 
grams the authors resorted to diagrams as 
they did not consider the original roent- 
genograms satisfactory for reproduction. 
Such diagrams were none too satisfactory 
since the actual shape of the fissures and of 
the pulmonary lobes could not be appreci- 
ated due to the lack of an impression of 
depth in the diagrams. Peirce and Stocking* 
took roentgenograms of frozen sections 
of the thorax of cadavers which were cut in 
the right and left anterior oblique positions 
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and made careful comparisons between the 
roentgenograms and the corresponding sec- 
tion. These studies gave a fairly good idea 
of the lobes and fissures but they required 
reconstruction drawings to visualize the 
entire structures in these positions. In addi- 
tion, the lungs in their specimens showed 


between Figures 3, 4 and 5. 
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Fic. 5. A left anterior oblique roentgenogram of the same set-up as shown in Figure 3. Of particular interest 
is the considerable change in the configuration of the interlobar fissures when comparisons are made 
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for normal lungs tend to contract to a cer- 
tain extent when the thorax is opened, even 
in preserved cadavers. Any manipulation 
of the doughy tissue leads to artefacts 
which increase the difficulty of obtaining 
satisfactory roentgenograms in cadavers. 
The transference of entire lungs and of 


Fic. 6. A left lateral roentgenogram of the model. This demonstrates clearly that the fissure between the 
right upper and middle lobes extends to the ventral but not to the dorsal costal surface. It is also to be 
noted that neither major fissure reaches to the ventral surface of the thoracic cavity while they both 
extend to the dorsal and to the diaphragm surfaces. The partial overlapping of the main fissures is plainly 
shown. This condition should be remembered when lateral roentgenograms of the human chest are inter- 


preted. 


considerable disease and the thoraces were 
in a state of expiration so that the relation- 
ship to any bony landmark as seen in the 
usual roentgenogram would not be the 
same. 

It is practically impossible to obtain sat- 
isfactory molds or casts of entire lungs,. or 
of lung lobes in the fresh state, because of 
the inherent nature of the tissue. For the 
same reason it is difficult. to demonstrate 
the relationship of the interlobar fissures 
to the bony landmarks of the chest cavity, 


pulmonary lobes over to a solid substance 
that would permit of handling as one might 
choose would appear to be the procedure 
of choice in any study wherein anatomical 
relations are under consideration. It would 
also be desirable to use the same thorax 
from which the lungs are obtained but the 
acquisition of such a human thorax is next 
to impossible. No matter how such a study 
is carried out, artefacts cannot be avoided. 

We conducted our study of this problem 
as follows: A pair of human lungs, free from 


— 


Fic. 7 and 8. A posteroanterior and a lateral roent- 
genogram of the right upper lobe covered with lead 
foil. The denser portions on the mediastinal and 
interlobar surfaces are due to several thicknesses 
of lead foil that the roentgen rays are obliged to 
penetrate and thus indicate the general contour of 
these surfaces. The notch in the upper portion of 
the lobe indicates the area occupied by the large 
vessels passing to the right arm and shoulder 
girdle. The diameter of the lobe is greatest in the 
dorsoventral axis and the interlobar surface has 
the shape of a check-mark with a short oblique 
dorsal and a long horizontal ventral portion. 

Fic. g and 10. A posteroanterior and a lateral view 
of the right lower lobe. The mediastinal and 
diaphragmatic surfaces of this lobe are concave 
while the remainder of the outer surface is convex. 
The interlobar surface is twisted on itself and gives 
the appearance of a propeller blade when viewed 
laterally. The upper third is somewhat less per- 
pendicular in its descent than the lower two-thirds. 
A considerable portion of the volume of this lobe 
lies below the highest level of the diaphragm. This 


area cannot be visualized in the posteroanterior 
view. 
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Fic. 11 and 12. A posteroanterior and a right lateral 


view with the right middle lobe and the main fis- 
sure covered with lead foil. This lobe has a wedge- 
like appearance when viewed from any angle. The 
mesial surface curves about the mediastinal con- 
tents in the ventral half of the chest. The volume 
of tissue ventral to the mediastinal contents as well 
as that portion resting upon the diaphragm is 
small. The dorsal tip of this lobe extends to about 
the mid-axillary line as is shown in the lateral view. 
The mediastinal surface is approximately of the 
same dimensions as the broadest lateral surface. 
The upper interlobar surface extends almost hori- 
zontally and is slightly convex. Lower interlobar 
surface is slightly concave and slightly twisted 
on itself to conform to corresponding portion of 
the lower lobe. Contact between the upper and 
lower lobes is dorsal and above the middle lobe. 


Fic. 21. A posteroanterior view of an attempt to 


simulate a condition sometimes observed in roent- 
genograms of the chest. Note the wedge-shaped 
type of the “lesion” with the base in the lateral 
position. Such an appearance is commonly diag- 
nosed as encapsulated interlobar effusion. Other 
viewsof this “lesion” are shown in Figures 22 and 23. 
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Fic. 13 and 14. These illustrate a left lateral and a 
posteroanterior roentgenogram of the left upper 
lobe. The greatest diameter of this lobe is vertical 
since it extends to the diaphragm although the 
volume of lung tissue is small at the diaphragm. 
The lobe extends around the mediastinal contents 
and is of small volume in the ventral flap. There 
is no cardiac notch, such as is usually described in 
textbooks of anatomy, in this particular specimen. 
The interlobar surface is slightly convex. About 
midway between the left anterior oblique and 
lateral positions this surface presents a linear ap- 
pearance with a diagonal downward dorsoventral 
course of about 45 degrees. 

Fic. 15 and 16. A left lateral and a posteroanterior 
view of the left lower lobe. The mediastinal and 
diaphragmatic surfaces are concave while the re- 
mainder of the outer surface is convex. A consider- 
able volume of this lobe lies dorsal to the heart and 
is not seen in the usual posteroanterior roentgeno- 
gram of the chest. The same is true of smaller vol- 
ume of tissue blocked out by the diaphragm. The 
interlobar surface is a reciprocal of the interlobar 
surface of the upper lobe. 


macroscopic disease and with complete in- 
terlobar fissures on both sides, was ob- 
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tained at necropsy.* This part of the pro- 
gram proved most difficult because of vari- 
ations in the completeness of interlobar 
fissures and the presence of pleural or of 
interlobar adhesions. The lungs in the fresh 
state were moderately distended with to 
per cent formalin by the gravity method to 
approximate normal inspiration as nearly 
as one could judge with the lungs outside 
the thorax. In this condition they were 
immersed in 10 per cent formalin and 
thoroughly fixed for two weeks. The tissue 
was gradually dehydrated over a period of 
several months, starting with a s0 per cent 
solution of alcohol. The dehydrated lungs 
were placed in chloroform to displace the 
alcohol and later were transferred to a solu- 
tion of chloroform saturated with paraffin. 
After several weeks in this solution the 
lungs were placed in melted paraffin in a 
paraffin oven, where many changes were 
necessary to get rid of the chloroform. The 
paraffin-impregnated lungs were then re- 
moved and quickly cooled to harden the 
paraffin. Because of the bulk of the tissue 
it took over a year to carry out the pro- 
cesses described. In the final process of 
hardening some irregular shrinkage of the 
lung surfaces, as well as of the entire lung, 
occurred since paraffin decreases in volume 
during the process of consolidation. These 
shrinkage defects were later remedied by 
molding modelling clay over the surface. 
During the whole procedure the interlobar 
fissures were not disturbed. 

Plaster molds of each lung were made 
and master casts preserved. The lungs were 
then separated into lobes and molds and 
casts of each lobe obtained. Latex molds of 
the casts of the individual lobes were made 
and, by the use of these permanent molds, 
it is possible to obtain casts of any lobe as 
desired, either in plaster or paraftin. The 
master plaster casts of the whole lungs were 
placed in proper position and a plaster mold 
of the thorax was then cast with anterior, 
posterior and bottom portions. This was | 
whittled down to crudely resemble the ex- 


* We are indebted to Dr. J. Lebowich of the Saratoga County 
Laboratory for the pair of lungs we have used. 


ae 
: 
a 
: 
= 
4 
/3 /4 
é 


Vor. 51, No. 3 Demonstration of Pulmonary Lobes 273 


Fic. 17 and 18. A posteroanterior and a right lateral view with the right lower and left upper lobes covered 
with lead foil. Note the partial overlapping of the interlobar surfaces. The extent of this overlapping is 
shown more clearly in Figure 6. 


Fic. 19 and 20. A posteroanterior and a left lateral roentgenogram with the right upper and left lower lobes 
covered with lead foil. Of particular interest is the partial overlapping of the interlobar surfaces as shown 
in the lateral view. 
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Fic. 22 and 23. A right antero-oblique (Fig. 22) and a right lateral (Fig. 23) roentgenogram of the same 
condition shown in Figure 21. In the oblique position the shape of the “lesion” has not altered but the 
change in the position demonstrates clearly that the area involved must be in the region of the dorsal 
portion of the middle lobe. The lateral view shows the complete involvement of the dorsal tip of the middle 
lobe instead of just the interlobar fissure. The purpose of this demonstration is to emphasize the fact that 
a localized pneumonia in this region can cast a shadow indistinguishable from an encapsulated interlobar 


effusion. 


terior of the thorax. With the lung casts 
inside the mold of the thorax a cast of the 
mediastinal contents was obtained. A 
roentgenogram of the chest from a person 
corresponding in size and weight to the 
cadaver from which the lungs were ob- 
tained was placed interiorly over the an- 
terior and posterior portions of the thorax 
mold and the position of the ribs was trans- 
ferred. Since the roentgenogram used was 
taken at full inspiration it is probable that 
the lung fissures in the model are a trifle 
high in relation to the ribs, for the model 
was made from lungs judged to be in a posi- 
tion of normal breathing. The ribs were 
then painted on the inner surface of the 
artificial thoracic cage with white lead. 
With this variety of molds and casts it was 
possible to arrange any combination of con- 
ditions desired, and once the dummy was 
assembled roentgenograms could be ob- 
tained from any desired position in a man- 


ner similar to the taking of roentgenograms 
of the human thorax. 

To demonstrate the position, size and 
shape of the interlobar fissures thin sheets 
of lead foil were placed between the lobes, 
and to accentuate the size and position of 
the lobes and of the mediastinal contents 
the visceral pleural surfaces of these struc- 
tures were covered with thin lead foil. 
Pathological processes known to exist in 
human lungs could be simulated by using 
substances of greater or lesser resistance to 
roentgen rays than the remainder of the 
lung casts would possess, thus controlling 
gradations in density. While it is admitted 
that this type of model contains a good 
deal of artificiality, it is possible to prepare 
an “artificial set-up” and to test the ability 
of the roentgenologist to accurately inter- 
pret the size, shape and location of “le- 
sions” placed at will within the casts of the 
lungs. Likewise, such a procedure can serve 
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to assess the accuracy of serial sections by 
planigraphy. 

The size and exact shape of the lungs and 
of the thorax may not be entirely correct, 
but they are well within the range of var- 
jations that are encountered in human 
thoraces. The position and contour of the 
interlobar fissures are correct for the pair 
of lungs used. The absence of the structures 
exterior to the chest cavity, of the heart 
and other tissues of the mediastinum, of the 
bronchial tree, and of the normal lung 

markings” is to be regretted, but it helps 
to emphasize the position, site and size of 
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such things as the interlobar fissures, the 
lobes of the lungs and the mediastinal con- 
tents. 

The main interest to those who are con- 
cerned with the interpretation of pulmo- 
nary shadows as seen in roentgenograms is, 
of course, the illustrations which accom- 
pany this paper. They are all prints reduced 
from the actual roentgenograms of the 
model which were taken on the usual 
14X17 inch film. The roentgenograms were 
taken at a distance of 5 feet from the ob- 
ject with a technique found by trial to give 
a penetration that would clearly demon- 


Fic. 24. A posteroanterior roentgenogram with simulated tuberculous cavities placed in the various lobes 
of the lungs in locations where such lesions are commonly encountered in each lobe. These cavities may 
vary in their location in all directions but they are preponderantly in the upper portions of each lobe. Since 
the interlobar fissures are not visible it is not possible to state the location of the three lower cavities with 
respect to the lobe involved. The horizontal planes, represented by lines, are drawn at the level of the 
fourth and sixth costovertebral junctions. To appreciate the relation of the interlobar fissures to these 
lines refer back to Figure 3. A lateral view would show that all but the lowest cavity on the right were 
located dorsally. 


Fic. 25. A posteroanterior roentgenogram of proved tuberculosis taken one year before death. The consider- 
able displacement of the tissue to the right caused the development of an emphysematous left lung. With 
such a condition a downward displacement of the interlobar fissure would be anticipated. Since the cavity 
on the left is below the plane drawn at the level of the sixth costovertebral junction and was known to 
be dorsal in position the location could be stated to be in the upper portion of the left lower lobe. Necropsy 
revealed a markedly emphysematous lung with a thin-walled cavity in the lateral area of the upper portion 
of the lower lobe with the upper edge of the cavity 2.5 cm. below the apex of the lobe. 
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strate the structures within the “dummy.” 
The reader is asked to overlook the ab- 
errant shadows in the roentgenograms and 
to consider only the main features por- 
trayed, for we admit considerable inepti- 
tude in the artistic handling of the subject 
matter. The descriptions of the roent- 
genograms accompany the illustrations. 


DISCUSSLON 


In presenting the studies we have con- 
ducted, our main purpose is to give to those 
concerned with the interpretation and 
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treatment of pulmonary disease a clear and 
useful concept of the anatomical relation- 
ship of the pulmonary lobes and of the in- 
terlobar fissures to the bony landmarks as 
seen in roentgenograms of the chest. The 
usual posteroanterior, oblique and lateral 
positions have been illustrated and stereo- 
roentgenograms would have been added 
had the expense of illustration not been 
prohibitive. It is hoped that the illustra- 
tions reproduced will convey the three 
dimensional structures of the chest. 


It is fully realized that the exact relation- 


Fic. 26. A posteroanterior roentgenogram of a proved tuberculous case taken about one year before death. 
There is a pathologic process between the two planes on both sides with a definite cavity cut across by the 
lower plane on the right. Without the dorsoventral location of the lesion it is impossible to define the lobe 
involved. Fig. 27. A planigram taken g cm. from the table top showing the sharpest outline of the cavity on 
the right. The lesion on this side was evident at 5 cm. so that it was distinctly dorsal in position. The lesion 
on the left became evideht at 9 cm. and a multilocular cavity was shown ventral to this section. Applying 
the knowledge gained from studies of the dummy it can be stated that the lesion on the right is in the apical 
portion of the lower lobe arid, on the left, in the upper lobe ventral to the upper portion of the lower lobe. 
These deductions were proved correct at necropsy. On the right, dense adhesions were present over the 
area involved and this condition undoubtedly displaced the lesion somewhat upward and laterally. This 
displacement was not sufficient, however, to invalidate the deductions made. From the lower shelf-like 
edge shown in Figure 27 one might be led to believe that this represented the interlobar fissure and since 
the cavity lies above the shelf the pathologic process must be in the upper lobe. Necropsy showed very 
little involvement of the interlobar fissure while the entire apical portion of the lower lobe was involved. 
The dense area seen simply represents parenchymal tuberculosis. The course of the interlobar fissure in this 
region is such that a broad plaque rather than a shelf-like appearance would be expected if the fissure was 
involved to a degree sufficient to cast a shadow. 
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Fic. 28. A posteroanterior roentgenogram of a tuberculous case showing a pathologic process below the lower 
plane with a definite cavity on the right between the two arrows. This lesion was definitely ventral in posi- 
tion and a diagnosis of middle lobe tuberculosis was made and substantiated when a lobectomy was per- 
formed. The tuberculous involvement was found to be in the upper portion of the lobe. Note that the lowest 
cavity on the right in Figure 24 is similar in position to the cavity present in this case. Fig. 29. A postero- 
anterior roentgenogram of the same individual three months after operation. This shows the absence of 


the lesion demonstrated in Figure 28. 


ship of the large anatomical units of the 
lungs to the ribs is not constant, for in 
both inspiration and expiration the move- 
ment of the bony cage and of the pulmo- 
nary tissue is in opposite direction. Local 
pleural adhesions, atelectasis, emphysema, 
and consolidation of tissue as in pneu- 
monia, also affect this relationship to some 
extent. An anomaly such as a single lobe 
in the left lung, for instance, would invali- 
date any interpretation on the left side. 
We believe, however, that the relationships 
observed in the artificial thorax are applica- 
ble to interpretations of the average human 
chest provided there is no undue distortion 
caused by a considerable amount of pul- 
monary disease. A practical application of 
the knowledge gained from studies of roent- 
genograms of the artificial thorax has been 
made on 3 cases in which the site of tuber- 
culous cavities was in the less: common 


location and in which proof of the anatom- 
ical location was available from necropsy 
or surgical reports. The deductions made 
from roentgenograms taken several months 
prior to necropsy or surgical reports were 
found to be valid in spite of distortions 
caused by the pathological condition pre- 
sent at the time the roentgenograms were 
taken. Horizontal planes through the chest 
at the level of the fourth and sixth costo- 
vertebral junctions have a practical value 
when interpretations in relation to pul- 
monary lobes are under consideration. The 
costovertebral junctions were selected be- 
cause they are stationary and because the 
relationship of the lobes and interlobar 
fissures to the costovertebral junction 
changes much less than it does to the ven- 
tral portions of the ribs during the process 
of respiration. The practical value of inter- 
pretations of chest roentgenograms will be 
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Fic. 30 and 31. A posteroanterior and a left lateral roentgenogram, respectively, from a case kindly lent by 
Dr. J. Burns Amberson of Bellevue Hospital, New York City. The patient was a white male, aged fifty-five, 
who had had a chill with accompanying cough and continuous sharp pain in the upper anterior portion of 
his left chest five days previous to hospitalization. A diagnosis of pneumonia was made. Within a few days 
it became evident that a necrotizing process was present and that a sequestrum of lung was forming. These 
roentgenograms were taken shortly before surgery was resorted to. At operation a sequestrum the size 
of a lemon was found in the mid-portion of the left upper lobe, with the pathologic process limited to this 
lobe. The patient made satisfactory progress following operation. 

The illustrations are given to demonstrate how a pathologic process limited to one lobe may indicate the 
position of an interlobar fissure. That the upper lobe is involved is suggested in Figure 30 from the triangu- 
lar clear zone resting on the diaphragm (refer to Fig. 3). The lateral view not only confirms the upper lobe 
involvement but also indicates the position of the interlobar fissure by the sharp limitation of the lesion. That 
only the upper half of the fissure is outlined can be surmised from a comparison with Figure 13. It is doubt- 
ful if the lower ventral angulation of the dark shadow represents the course of the fissure. The presence 
of a sequestrum is strongly indicated in the lateral roentgenogram. 

Horizontal planes through the chest at the level of the fourth and the sixth costovertebral junctions show 
that a pathologic process is present in this region and that an apical involvement of the lower left lobe has 
to be ruled out. The lateral view shows a normal apex of the lower lobe and the lesion in the upper lobe, 
ventral to the lower lobe. The position of the left interlobar fissure corresponds closely to the position shown 
in the artificial thorax (Fig. 13.) 


enhanced provided the following sugges- 
tions in relation to the two planes just 
mentioned are used: 

1. Pathologic processes above a horizon- 
tal plane at the level of the fourth costo- 
vertebral junction will be in the upper por- 
tions of the upper lobes. In tuberculosis the 
majority of lesions will be dorsal in posi- 
tion. 


2. Below a horizontal plane at the level 
of the sixth costovertebral junction path- 
ologic processes in the dorsal half of the 
chest will be in the lower lobes, especially 
if the main lesion abuts the dorsal surface 
of the chest cavity. Pathologic processes 
in the ventral half will be in the upper lobe 
on the left and in the middle lobe on the 
right. 
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3. The area between horizontal planes 
at the fourth and sixth costovertebral junc- 
tions represents the common variations of 
the upper edge of the main fissures on either 
side. In the pair of lungs we have used the 
upper edge of these fissures is about median 
in position and probably represents the 
average. If in this area the pathologic 
condition is present in the ventral two- 
thirds of the chest the upper lobes are 
surely involved. If, however, the lesion ad- 
joins the dorsal surface, involvement of the 
apex of the lower lobe must be seriously 
considered. To determine which lobe may 
be involved pleural endoscopy may have 
to be employed, especially if the lesion lies 
in the upper portion of this area. 

It is our hope that the data presented 
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may prove to be of practical value to all 
who are concerned with the interpretations 
of roentgenograms of the chest and with 
the treatment of pulmonary disease. 
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THE ROENTGENOGRAPHIC MANIFESTATIONS OF 
ATYPICAL PNEUMONIA OF UNKNOWN ETIOLOGY 


By W. 


E. CRYSLER, M.D., 


D. Rad.* 


A / Surgeon Lieutenant Commander 
ROYAL CANADIAN NAVAL VOLUNTEER RESERVE 


URING the past decade a moderately 
infectious constitutional disease with 
frequent evidence of atypical pneumonia 
has been increasingly recognized and re- 
ported. Dingle and Finland* have con- 
tributed the most exhaustive recent review 
of the subject. They state that the condi- 
tion was recognized clinically as long ago as 
1872, and a pathological process was de- 
scribed at about that time. It seems likely 
that the disease was prevalent before the 
pandemic of influenza in 1918 and that it 
existed in the military forces, where it was 
given such names as “‘catarrhal fever” and 
“soldier’s pneumonia.” 

The increased use of roentgenological 
examination in the diagnosis of inflamma- 
tory diseases of the respiratory tract has 
shown that a variety of roentgenological 
opacities in the lung fields, often transitory, 
may occur in the course of such diseases 
without the grave symptoms associated 
with the generally recognized forms of 
pneumonia.® 

The condition has been graced with 
numerous terms, the multiplicity of which 
is due to various investigators’ conception 
of the disease in which the clinical, labora- 
tory and roentgen findings do not follow a 
definite and clear-cut picture. It has been 
variously referred to as virus pneumonia, 
acute influenzal pneumonia, acute pneu- 
monitis, acute interstitial pneumonitis, 
pneumonitis, atypical pneumonia with 
leukopenia, current bronchopneumonia of 
unusual character and undetermined etiol- 
ogy, bronchopneumonia of unknown eti- 
ology. Clinically it is probably best termed 
“primary atypical pneumonia, etiology un- 
known.’ 

From a roentgenologic standpoint, only 
an anatomical diagnosis can be given in 


* Formerly Resident in Radiology, Department of Radiology, Toronto General Hospital and University of Toronto. 


280 


cases of pneumonia, e.g., “pneumonia of 
lobar distribution” or “pneumonia of lob- 
ular or segmental distribution.”” Ramsay 
and Scadding*® have pointed out that, in 
order to make a complete diagnosis, both 
the etiological and anatomical terms must 
be included in the description of a pneu- 
monia; for example, “pheumococcus type 
I right lower lobar pneumonia” is a specific 
diagnosis. 

According to the roentgenographic shad- 
ows produced by the pulmonary lesions, 
several have reported findings which on 
analysis of illustrations and descriptions 
seem to be, for the most part, similar, if not 
identical. 

Seeds and Mazer!® thus segregate the 
lesions into three main groups, viz.: “‘cot- 
ton wool,” “‘pseudofibrosis,”’ “wire glass.” 
While these terms are useful in describing a 
given lesion, they should not be used in 
identifying a type of pneumonia. 

Bowen? has reported a group of cases oc- 
curring among soldiers in Honolulu and he 
points out the similarity in roentgeno- 
graphic appearance to such conditions as 
pulmonary tuberculosis, lung abscess, acute 
bronchiectasis, bronchogenic carcinoma and 
metastatic carcinoma. 

Ackermann! has also drawn attention to 
the resemblance of certain cases to pul- 
monary tuberculosis. However, Ramsay 
and Scadding state that the roentgenogram 
is never sufficiently characteristic to justify 
a dogmatic diagnosis of pulmonary tuber- 
culosis without supportive evidence and 
without a period of observation. 

Kornblum and Reimann‘ have studied a 
group of cases occurring among medical 
students, interns and nurses on whom 
roentgenograms of the chest were obtained 
at frequent intervals during a mild epi- 
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demic of atypical pneumonia. They de- 
scribe the picture of “acute tracheobron- 
chitis’”” which they believe represents an 
early stage of this infectious process. While 
they recognize the difficulty in making such 
a diagnosis, they state that the process 
causes increase in density and size of the 
hilum and trunk shadows which are ill 
defined and distinctly blurred, with occa- 
sional mottling of the pulmonary tissues 
about the hilar area. They attach consid- 
erable importance to a generalized haziness 
found throughout the lung field which they 
consider due to acute congestion of the 
interstitial blood vessels. 

The observations of Ramsay and Scad- 
ding suggest that the association of lobar 
atelectasis with catarrhal infections of the 
respiratory tract producing no special acute 
symptoms is more frequent than is com- 
monly recognized. Their report includes 4 
cases in which there was evidence of lobar 
atelectasis and 21 cases of pneumonia. 
Reimann’s’ Case g showed evidence of basal 
atelectasis. Scadding®® in further reports 
classifies the pneumonic lesions in two main 
groups, viz., “benign circumscribed pneu- 
monia” and “disseminated focal pneu- 
monia.”’ The benign circumscribed variety 
he describes as a fairly well localized, but 
not sharply defined lesion of uniform den- 
sity, located usually in the lower lobes. The 
disseminated focal type produces the roent- 
genological picture of diffuse, rather coarse 
mottling in foci varying from 2 to 5 mm. 
in diameter. He® classifies his cases into 
those with constitutional symptoms but 
without clinical or roentgen evidence of 
pneumonia; those with clinical localizing 
signs (suppressed breathing and fine moist 
rales), and finally those with both clinical 
and roentgen localizing signs. He observed 
a definite lag of two to three days between 
clinical and roentgen localizing signs. 

Briefly, the condition is recognized clin- 
ically by fever, cough, malaise, headache, 
chilliness. Sputum when present is usually 
mucopurulent, occasionally blood streaked, 
and rarely frank blood. The physical find- 


ings include pharyngeal injection; some 
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cases show prostration and rarely dyspnea 
with cyanosis. Early pulmonary signs, if 
present, are limited to fine or medium moist 
rales with slight dullness. Later, as resolu- 
tion occurs, loud rales and rhonchi are 
heard. The leukocyte count is either slightly 
elevated, normal or slightly depressed. The 
sedimentation rate may be elevated. The 
sulfonamides are ineffectual. Complica- 
tions are few. 

Etiology. Dingle and Finland state that 
the etiology of atypical pneumonia has not 
been established satisfactorily. The above 
clinical syndrome may be produced by a 
number of known bacteria and viruses, and 
yet in the majority of outbreaks, in which 
studies were made, none of these agents 
were identified with the disease. 

Kornblum and Reimann hold the same 
view and remark that the similarity of this 
disease to other infections of the lungs gave 
rise to the thought that their epidemic was 
due to a filterable virus. 

Pathology. Cases coming to necropsy are 
few. According to Dingle and Finland, the 
chief pathological features of fatal cases 
reported by Kneeland and Smetena and 
by Longcope are those of a patchy, hemor- 
rhagic interstitial pneumonia associated 
with acute bronchitis and _ bronchiolitis. 
Grossly there are areas of atelectasis and 
emphysema, small areas of red or gray con- 
solidation, which in some places appear to 
have become confluent. The bronchi are 
filled with mucoid or purulent exudate. The 
microscopic findings include hemorrhagic 
or mononuclear alveolar exudate and infil- 
tration of alveolar septa with mononuclear 
cells; the septa may later show thickening 
with reduction of the alveolar spaces. The 
walls of the bronchi and trachea show 
necrosis and infiltration with polymorpho- 
nuclear cells. 


REPORT OF CASES 


This report is based on 178 cases of 
bronchopneumonia, demonstrated by roent- 
genographic examination, occurring in per- 
sonnel of the Royal Canadian Navy who 
were referred with clinical features con- 
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forming to those described. Bacteriological 
studies, when done, revealed no positive 
pathogens. This group had, as do all R.C.N. 
personnel, routine chest roentgenograms on 
entry. 

Method. As a routine, posteroanterior and 
the appropriate lateral roentgenograms of 
the chest are obtained either at the bedside 
or in the roentgenographic department, de- 
pending on the condition of the patient. 
The majority of cases in this group include 
admission and progress roentgenograms. A 
case is not released from the hospital until 
the chest roentgenogram shows complete 
clearing of the process. 


ROENTGENOGRAPHIC FINDINGS 


There is no notable relationship between 
the anatomical extent of the disease as 


Taste | 


FREQUENCY OF LOCATION OF PNEUMONIC 
IN FILTRATIONS 


per cent 
44 
Right lower lobe................. 35 
Right upper lobe................. 7 
Accessory right lower lobe......... 4 
2 


Right middle lobe 


shown in the roentgenogram and the sever- 
ity of the symptoms. Pneumonic infiltra- 
tions have been discovered in the enlist- 
ment roentgenograms of 12 recruits who 
have had no complaints other than a recent 
“chest cold.” The appearance and ana- 
tomical extent of these infiltrations are 
identical with those of individuals in the 
hospital who were considered too sick to be 
transported to and from the department 
and on whom roentgenograms secured at 
the bedside were necessary. A lag of two to 
three days has occasionally been noted be- 
tween the clinical and roentgen evidence of 
pneumonia. 

Location. The frequency of involvement 
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of the various lobes is given in Table 1. One 
hundred and eighty-one lobes were involved 
in 178 cases. Eighty per cent of lesions were 
confined to the lower lobes. 

Roentgenographic Appearance. \n almost 
all cases, the parenchymal infiltration man- 
ifests itself by a peribronchial distribution, 
viz., bronchopneumonia. While a lesion in 
the posteroanterior projection may appear 
of lobar distribution, nearly always the 
lateral projection reveals the process to be 
a segmental, confluent bronchopneumonia, 
radiating in a fanwise manner from the 
hilum. It is true that an infiltration of 
lobar distribution is occasionally demon- 
strated in a case with a clinical picture con- 
forming to that described. 

Early infiltration commences in one of 
two ways: 

First, an ill defined, blurred, localized 
structural accentuation occurs. If the dis- 
ease progresses anatomically, the _peri- 
bronchial blurring extends and coalesces, 
producing a frank parenchymal infiltration 
(Fig. 1). This varies in density from a 
slightly impaired translucency to a ground 
glass appearance and occasionally pro- 
gresses to a moderate density, but rarely 
equals that of the cardiac shadow unless 
complicated by pleuritis (Fig. 2). An in- 
filtration of moderate density may be visu- 
alized, for example, in the posteroanterior 
view, but this has been shown to be almost 
always transparent in the lateral projec- 
tion. Accentuated structural markings are 
usually visible through this density and 
appear prominent. 

The second method of development is 
first manifested by an area of localized, 
rather dense structural accentuation. If the 
anatomical extent progresses, flocculent 
densities, peribronchial in distribution, ap- 
pear (Fig. 3). 

Finally, occasionally both homogeneous 
and flocculent densities are demonstrated 
in the same lesion, thereby resulting in a 
homogeneous lesion through which ‘‘double 
densities”’ are visualized which merge im- 
perceptibly into the adjacent infiltration. 
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To summarize: 


A. Homogeneous Group: 


1. The purely homogeneous lesion as de- 
scribed above. 


2. The ill defined and blurred structural 
accentuation—probably an early manifes- 
tation. 


3. The “cotton wool’’ lesion, composed 
of several adjacent homogeneous circular 
lesions which do not coalesce. 
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Fic. 1. In 4 is shown an area of localized, ill defined, 
blurred structural accentuation located just above 
the right hemidiaphragm. B, same case twenty- 
four hours later; the peribronchial blurring has 
extended, resulting in a coalescent bronchopneu- 
monia. C, four days later the process has extended 
farther but remains translucent. 


B. Flocculent Group: 
1. The purely flocculent and rather 
dense lesion. 


2. The dense linear accentuation—prob- 
ably an early manifestation. 


3. Linear accentuation with occasional 
areas of dense flocculent infiltration. 


C. Homogeneous Flocculent Group: 


The frequency of these various types has 
been analyzed and is given in Table un. 
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Hilar adenopathy, increase in density of 
the hilum, ill defined accentuation of the 
trunk shadows with obliteration of the 
translucent space between the inner border 
of the right hilum and the right border of 
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maining. 


Taste II 


Fic. 2. 4 illustrates the typical homogeneous infi)- 
tration or benign circumscribed pneumonia B, 
same case ten days later shows partial resolution, 
the infiltration now having a somewhat moth- 
eaten appearance. C, same case sixteen days later 
than B shows resolution of parenchymal infiltra- 
tion with moderate structural accentuation re- 


the heart have been demonstrated in a 
number of basal infiltrations. 

Resolution in the homogeneous group is 
revealed by a reduction in total density at 
which time the infiltration assumes a moth- 


Homogeneous | Flocculent | D 
Homo- with Cotton FI with Homogeneous 
geneous Structural Wool Structural | 4 Flocculent 
Accentuation Accentuation | *°centuation 
30.8% 12.3% 3-3% 20.7% 12.3% 6.7% 13-9% 
46.4% | 39-7% 13-9% 


284 
4 a 
—— 
FREQUENCY OF THE TYPES OF ROENTGENOGRAPHIC DENSITIES 


VoL. 51, No. 3 


Roentgenographic Manifestations of Atypical Pneumonia 


285 


Fic. 3. 4, an example of the flocculent or disseminated focal infiltration occurring at the right apex, resem- 
bling pulmonary tuberculosis; parenchymal infiltration is also demonstrated at the right cardiohepatic 
angle. B, same case eighteen days later showing complete resolution. 


eaten appearance. When regression of the 
infiltration is complete, the structural ac- 
centuation often recedes more slowly and 
is last to disappear. The flocculent lesions 
and associated structural accentuation re- 
solve more or less together, becoming 
gradually less dense (Fig. 2). 


Certain lesions of either homogeneous or 
flocculent type, when confined to the upper 
lung field, resemble pulmonary tubercu- 
losis. Re-check examination in two weeks 
usually allows a definite opinion (Fig. 3). 

Pleuritis with effusion as recognized on 
the roentgenogram is a rare finding. Evi- 


Fic. 4. 4 and B, interlobar pleuritis with effusion located at the lower end of the left fissure. Note the sim- 
ilarity between 4.4, 1C and 24; the lateral roentgenogram makes an accurate differentiation. 
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Fic. 5. 4, portable anteroposterior roentgenogram shows no evidence of parenchymal infiltration, but slight 
elevation of left hemidiaphragm is present. B, the left lateral roentgenogram clearly demonstrates a tri- 
angular density radiating downward in a fanwise manner from the left hilum and is confined to the left 
lower lobe, thus localizing the process behind the heart. 


dence of coexistent interlobar or parieto- 
visceral pleural thickening was observed 
in 22 cases and then only when the paren- 
chymal process was adjacent to the pleura. 

The homogeneous density of parenchy- 
mal infiltration is similar in appearance in 
many cases to that of interlobar pleuritis. 
As described and illustrated by Levitin and 
Brum,’ the lateral projection has served to 
make an accurate differentiation (Fig. 4). 

The lateral projection was used in 100 
cases in this series. In 25 of these, it was of 


Taste III 


LENGTH OF TIME FOR ANATOMICAL RESOLUTION* 


Average 


Type of Lesion of 
ays 
Homogeneous infiltration 52 16.0 
Flocculent infiltration 46 15.4 
Combined infiltration 9 13.7 
Slight elevation of hemidiaphragm —13 14.6 
Moderate and marked elevation of 7 17.4 


hemidiaphragm 


* A total of 142 cases had serial examinations of 
which 127 are included in Table m1 and 15 in Table 1v. 


no assistance; in 71 the appropriate lateral 
roentgenogram not only localized the 
process, but provided an insight into the 
actual area of parenchyma involved. In 3 
cases the process was demonstrated either 
below the summit of the dome or behind 
the heart and in none of these was the 
process recognized in the posteroanterior 
projection (Fig. 5 and 6). 

Elevation of a Hemidiaphragm. This find- 
ing has been noted in a total of 38 cases, 
or 21.3 per cent, and has been interpreted 
as evidence of atelectasis (Fig. 7). This has 
varied from slight to marked elevation; 


IV 


CASES DISCHARGED AS CLINICALLY RESOLVED AND IN 
WHICH ANATOMICAL RESOLUTION WAS NOT 
ENTIRELY COMPLETE 


No. of Average 


Lesion C No. of 
ases 

ays 

Residual structural accentuation 8 23.5 
Residual elevation of hemidiaphragm 7 33-5 


with or without residual structural 
accentuation 
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Kic. 6. 4, posteroanterior roentgenogram shows no evidence of parenchymal infiltration. B, right lateral 
projection (reversed) demonstrates an area of parenchymal infiltration located in the right lower lobe at 
its posterior costophrenic angle below the summit of the right hemidiaphragm. 


Fleischner’s lines have also been noted. Complications. As shown in Table 11, 
Only rarely are other signs of atelectasis anatomical resolution occurs in approxi- 
observed, e.g., mediastinal displacement, mately two weeks. This is occasionally 
narrowing of rib spacing. prolonged, as Table iv shows, but these 

As noted in Table 111, atelectasis as a cases have been clinically clear. Not in- 
coexistent finding results in a prolongation cluded in Table 1v are 5 cases of non-reso- 
of resolution. lution which developed complications. 


Fic. 7. 4, portable anteroposterior roentgenogram shows a small patch of parenchymal infiltration at the 
left base medially and elevation of the left hemidiaphragm. B, same case eighteen days later shows resolu- 
tion of the process and return to normal relationship between the domes of the diaphragm. 
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Fic. 8. 4 and B, portable anteroposterior and left 
lateral roentgenograms of chest show an area of 
homogeneous circumscribed pneumonia at the 
posterior and basal portions of the left lower lobe. 
C, same case sixty-two days later shows only par- 
tial resolution. D and E, posteroanterior and left 
oblique bronchograms thirty-nine days later show 
fusiform dilatation of a bronchus at posterior and 
basal segment of left lower lobe with failure of 
smaller bronchi to fill. 
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Fic. 9. 4, evidence of parenchymal infiltration extending in a linear manner up and out from left hilum. 
B, same case twenty-seven days later in which there is demonstrated localized structural accentuation with 
hazy parenchymal infiltration at left base. C, same case ninety-nine days later. Pronounced and dense in- 
filtration at left base; clinical evidence of asthma. D, twelve days later, partial resolution of pneumonic 


process. 


Three of these showed clinical evidence of 
bronchiectasis. Lipiodol bronchograms were 
done in 2 cases and were confirmatory 
(Fig. 8). The 2 remaining cases showed 
roentgen evidence of non-resolution and 
clinical evidence of asthma (Fig. 9). 


DISCUSSION 


From the foregoing it is submitted that 
the condition described is identified with 


constitutional symptoms with localization 
in the respiratory tract which frequently 
advances to parenchymal infiltration. Clin- 
ical diagnosis at present should be termed 
“atypical pneumonia, etiology unknown.” 
Roentgen examination in positive cases 
reveals evidence of parenchymal infiltra- 
tion, the extent of which does not coincide 
with the severity of the symptoms and is 
predominantly located in the lower lobes. 
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This series revealed localization in one lobe 
in the great majority. 

The appearance of the infiltration is 
either transparent and homogeneous, floc- 
culent or a combination of these, occasion- 
ally associated with hilum prominence. It 
is considered that this classification coin- 
cides with Scadding’s “benign circum- 
scribed” and “disseminated focal” types 
and this classification is endorsed. 

When located in an upper lung field, the 
disseminated focal infiltrations resemble 
pulmonary tuberculosis of the confluent 
flocculent type and the benign circum- 
scribed consolidation bears a close re- 
semblance to the exudative, homogeneous 
tuberculous infiltration referred to in the 
German literature as the Assmann infil- 
tration. A re-check roentgenogram in two 
weeks usually allows for a definite opinion 
lacking confirmatory clinical and labora- 
tory data. 

The use of the lateral projection has been 
of value. When one considers the volume of 
lung parenchyma located below the summit 
of the diaphragm and behind the heart 
which is not visible in the posteroanterior 
projection, the value of the appropriate 
lateral roentgenogram becomes _increas- 
ingly apparent. Moreover, this projection 
provides an insight into the extent of the 
process and thereby serves to localize the 
infiltration accurately. Occasionally, con- 
solidation is demonstrated only in this 
view. Finally, the lateral roentgenogram 
serves to differentiate the benign circum- 
scribed infiltration from interlobar pleuri- 
tis. 

Elevation of a hemidiaphragm in con- 
junction with a basal lesion has been en- 
countered more frequently than in reports 
of others. While it is recognized that the 
finding may be due to a lack of elasticity 
incident to the coexistent inflammatory 
changes, a lobular or partial atelectasis 
seems more appropriate. The disease is 
characterized by a respiratory mucous 
membrane reaction with exudation in some 
stages. It is a reasonable conjecture that in 
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a certain number plugging of bronchioles 
takes place with resulting atelectasis. Evi- 
dence of coexisting atelectasis gives rise to 
an appreciable prolongation in length of 
anatomical resolution. Further, in a few 
cases, the combination was followed by 
evidence of non-resolution and _ bronchiec- 
tasis. The importance of coexisting atelec- 
tasis is stressed, for if this becomes irre- 
versible, the development of permanent 
bronchiectasis may follow. 

Resolution, however, is the rule, leaving 
no sign of the previous infiltration and oc- 
curring on the average within two weeks. 
There are a few cases with roentgen evi- 
dence of non-resolution and clinical ev- 
idence of asthma. To date there has been 
no mortality. 

Accordingly, the roentgenographic pic- 
ture, while fairly characteristic, may show 
sufficient deviation to be confused with that 
of pneumococcus lobar pneumonia, bac- 
terial bronchopneumonia, tuberculosis, pul- 
monary abscess, acute bronchiectasis, me- 
tastatic infiltration and, of course, the 
known virus and rickettsial diseases that 
involve the lung. 


SUMMARY AND CONCLUSIONS 


1. One hundred and seventy-eight cases 
of atypical pneumonia, with roentgen evi- 
dence of bronchopneumonia, are presented. 

2. Scadding’s roentgen classification of 
benign circumscribed and disseminated 
focal types is endorsed. 

3. The occurrence of accompanying ate- 
lectasis is reported and its importance dis- 
cussed. 

4. The importance of the appropriate 
lateral projection of the chest is stressed. 

5. Resolution is the rule. Accompanying 
atelectasis probably accounts for the rare 
development of bronchiectasis. Non-reso- 
lution with clinical evidence of asthma has 
also been observed. 
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A PLEA FOR THE PREVENTION OF BRON- 
CHIECTASIS* 


By KARL KORNBLUM, M.D. 


PHILADELPHIA, PENNSYLVANIA 


“TRE JUSTIFICATION for this pre- 
sentation is based upon the assumption 
that the general medical profession is not 
aware of the prevalence of bronchiectasis, 
nor does it appreciate the significance of 
this disease. That a roentgenologist should 
feel called upon to discuss the subject of the 
prevention of bronchiectasis is due to the 
belief that no specialist in the practice of 
medicine has a better opportunity to view 
this disease in all its varied aspects. To un- 
derstand the need and the measures avail- 
able for the prevention of bronchiectasis, 
one must have knowledge of the incidence, 
pathology, pathogenesis, etiology, sympto- 
matology, clinical course, prognosis, eco- 
nomic importance and treatment of this 
malady. Bronchiectasis cannot be cured in 
situ and since surgical excision of the dis- 
eased tissue is limited to selected cases, it 
is obvious that the attack upon the problem 
of bronchiectasis lies in prevention rather 
than cure. 

To a large part of the medical profession 
bronchiectasis is but a name and to a sur- 
prising number of physicians, it is a name 
they do not clearly understand. There is 
little wonder, then, that the prevalence and 
clinical significance of this disease is not 
generally appreciated. With a little thought, 
one can, I believe, recognize the reason for 
this state of affairs. If bronchiectasis were 
a new and startling disease, every practi- 
tioner throughout the land would be 
familiar with and interested in it. But 
bronchiectasis is an old disease and has, 
up to the present time, attracted the 
attention of only specialized medical groups. 
It has never been popularized as an af- 
fection of importance and general clinical 
interest. First described by Laennec in 
1819, it was a disease which, for the next 
century, largely attracted the attention 
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of pathologists who devoted much time 
to investigations of its pathology, patho- 
genesis and etiology. Since the condition 
was not readily recognized clinically, it 
attracted but little attention from prac- 
titioners, and treatment was a matter 
to which no thought whatever was given. 
With the introduction of the bronchoscope 
by Killian, of Vienna, in the 1880’s and its 
perfection and popularization by Jackson 
and his disciples in this country during the 
early part of the present century, the study 
of the bronchial tree in the living subject 
became possible and opened up new vistas 
for clinical investigation. And with the aid 
of another remarkable and comparatively 
recent discovery, the roentgen ray, visuali- 
zation of the bronchial tree by means of the 
insufflation of bismuth by Jackson in 1918 
and later (1922) the introduction of iodized 
oil by Sicard and Forestier made possible 
the visualization of the anatomy of the 
bronchial tree in health and disease. These 
innovations may rightly be said to mark 
the real beginning of our understanding of 
the disease known as bronchiectasis. 
There is yet another reason for the lack 
of recognition on the part of the general 
medical profession. The fact that the diag- 
nosis of bronchiectasis remains largely in 
the hands of specialists does not tend to ein- 
courage interest on the part of the general 
practitioner. In the final analysis, a positive 
diagnosis can be made only by bronchog- 
raphy. This is a procedure that is not 
available to the average physician and one 
which is being carried out successfully in 
only the more modern and well equipped 
hospitals. With this state of affairs, the 
average physician thinks of bronchiectasis 
as a disease of interest only to the specialist 
such as the bronchoscopist, the radiologist, 
the internist specializing in chest diseases 
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and the thoracic surgeon and thus comes to 
adopt the attitude that, to him, bronchiec- 
tasis is of no immediate concern. However, 
in this discussion we are not primarily con- 
cerned with bronchiectasis but rather with 
the conditions which may terminate in 
bronchiectasis. These are the diseases which 
constitute a large percentage of the work of 
the general practitioner. The recognition on 
the part of the general practitioner that 
many of the conditions which he sees daily 
are those which may develop into bronchi- 
ectasis should give him an immediate and 
first hand interest in this subject. And when 
he comes to realize that the prompt recog- 
nition and the proper treatment of the dis- 
eases which predispose to bronchiectasis are 
essential to its prevention, he will have 
come to the realization that while the spe- 
cialist deals with the end results of this con- 
dition and can hope to cure only a small 
proportion, the key to the problem of pre- 
vention is in the hands of the general prac- 
titioner. 

Why should radiologists concern them- 
selves with the prevention of bronchiectasis 
and why are they in such an excellent posi- 
tion to view this disease in all its varied 
aspects? Roentgenography of the chest has 
become an indispensable procedure in 
the practice of medicine. Furthermore, its 
widespread use in survey studies of the 
chest in industry, in schools, and in the 
military services foreshadows the day when 
the yearly roentgen study of the chest of 
the entire population will be routine. Such 
surveys bring to light many conditions rec- 
ognized today as forerunners of bronchiec- 
tasis and thus the roentgenologist has the 
opportunity to detect many individuals 
who may develop this disease. Bronchiec- 
tasis, although more prevalent in adults, is 
primarily a disease of childhood. The roent- 
genologist in his daily work with children 
can detect those conditions which often re- 
sult in bronchiectasis long before any symp- 
toms of this disease are present. The 
pediatrician who sees the patient during 
the developmental stage of bronchiectasis 
loses sight of the patient as an adult, now a 
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victim of bronchiectasis. The internist may 
care for a patient during the illness destined 
to result in bronchiectasis but may not be 
called upon to see him when bronchiectasis 
has become established. The phthisiologist 
may have a patient referred to him for the 
diagnosis of tuberculosis, but in the absence 
of evidence of this disease he may or may 
not recognize the presence of bronchiecta- 
sis. The experience of the bronchologist is 
such that bronchiectasis is always upper- 
most in his mind. Unfortunately, by the 
time he is consulted the disease is usually 
well established and prevention is out of the 
question. The thoracic surgeon is in much 
the same position. The general practitioner 
will see the patient as a child or an adult 
and will encounter bronchiectasis in all of 
its stages. It is not, however, easy to con- 
nect the symptoms of the adult with full 
blown bronchiectasis with the relatively 
mild and inconsequential symptoms of the 
child with a mild tracheobronchitis follow- 
ing an attack of whooping cough or mea- 
sles. The roentgenologist, on the other hand, 
sees the patients of all these specialists and 
of the general practitioner as well and in his 
daily work there are usually several pa- 
tients who represent the various stages in 
the development of bronchiectasis. There is 
the child with the annoying cough and 
chronic nasal discharge; there is the intern- 
ist’s patient just recovering from pneu- 
monia who has persistent definite roentgen 
changes at the site of the pulmonary in- 
volvement after clinical recovery is com- 
plete. The chest specialist has requested a 
roentgenogram of the young man who re- 
cently had a slight hemoptysis. Tuberculo- 
sis is suspected but the roentgenogram fails 
to substantiate this diagnosis. There is, 
however, definite intensification of the 
trunk shadows at both bases. The bronchos- 
copist refers a patient who has suffered 
from a chronic cough for many years. 
The chest roentgenogram reveals an un- 
suspected foreign body of the lung. The 
surgeon has requested a_ bronchography 
preliminary to a lobectomy for bronchiecta- 
sis. This series of cases, with its many varia- 
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tions, is a daily and familiar picture to the 
average roentgenologist. He is constantly 
confronted by the life cycle of bronchiecta- 
sis as a lesion of relatively little importance 
to the bronchographic picture of large 
bronchial dilatations and sacculations, and 
he cannot help but concern himself with its 
prevention. 

To understand the need for the preven- 
tion of bronchiectasis one must have knowl- 
edge regarding its entire picture from the 
onset to its final termination and must 
know just what it means to an individual to 
have this affliction. A voluminous literature 
has come into being regarding every aspect 
of this malady. In digesting this material, 
one is impressed with the controversy sur- 
rounding almost every phase of the condi- 
tion. There appears to be no unanimity of 
opinion regarding anything about bronchi- 
ectasis with the exception of its definition. 
All seem agreed that bronchiectasis is noth- 
ing more than a condition in which the 
bronchi show an abnormal dilatation. The 
extent or character of this dilatation, the 
amount of the bronchial tree involved, the 
duration of the condition, the presence or 
absence of symptoms and the possibility of 
complications have nothing to do with the 
definition. It would serve no useful purpose 
in this discussion to enter into all the con- 
troversial aspects of this disease, so an at- 
tempt will be made to adhere to more or 
less well established facts. 


INCIDENCE OF BRONCHIECTASIS 


Is bronchiectasis sufficiently prevalent 
and are its harmful effects such as to war- 
rant the interest of every physician? 

Bronchiectasis was formerly regarded as 
a comparatively rare disease. One gains 
some idea of this by consulting textbooks of 
pathology and medicine of some twenty to 
thirty years ago. A few paragraphs, rarely 
a page or so, was devoted to this condition. 
Contrast this with the space now devoted 
to a full discussion of every phase of bron- 
chiectasis in modern textbooks, and the 
growing importance of this disease becomes 
readily apparent. This change has been 
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brought about by our modern methods of 
diagnosis which reveal for the first time the 
real prevalence of bronchiectasis. And now 
with the remarkable advances being made 
in the surgical treatment of bronchiectasis, 
this disease is rapidly coming into its own. 

It is surprising, however, how little is to 
be found in the literature regarding the in- 
cidence of bronchiectasis. Writers on the 
subject refer to the disease as being very 
common but apparently there are few sta- 
tistics to prove this point. Leopold’® states 
that the importance of bronchiectasis is at- 
tested by the fact that in frequency this 
disease stands second only to tuberculosis 
among chronic infections of the lungs. Ac- 
cording to Hamman® postmortem statistics 
indicate that bronchiectasis is found in 
about 1.5 per cent of routine autopsies. 
Naturally, the diagnosis of bronchiectasis 
is more common in those clinics in which 
bronchoscopy is available. It must be re- 
membered also that the published reports 
constitute, in the main, the more severe 
cases and that the vast majority of patients 
with bronchiectasis are dismissed by their 
physician with a diagnosis of chronic bron- 
chitis, and then there is that even larger 
group of relatively mild cases who never 
seek medical attention. From these facts it 
can be seen that it is probably not possible 
to obtain a true estimate of the incidence 
of bronchiectasis. 

However, certain facts regarding the in- 
cidence of bronchiectasis are fairly well 
established. While bronchiectasis shows no 
particular sex predilection, statistical stud- 
ies indicate that the disease is slightly more 
common in males than in females. Farrell!® 
reported cases in 52 males, 48 females; 
Perry and King,” 214 males, 186 females. 
This slight male predominance does not 
hold for children where the sexes are about 
equally represented. No age is immune to 
this disease. It has been found in the fetus 
and in the newborn at postmortem oc- 
curring as a congenital condition. It has 
been diagnosed clinically during infancy. 
Whether these cases represent congenital 
bronchiectasis with a superimposed infec- 
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tion occurring early in life, it is usually not 
possible to determine without histopatho- 
logical study of the involved tissues. Ap- 
proximately half the cases of bronchiectasis 
start before the age of ten but the disease 
is usually not recognized until years later. 
The incidence of bronchiectasis, therefore, 
increases with each succeeding decade until 
the third decade when it reaches its peak. 
Thus bronchiectasis is most common be- 
tween the ages of twenty to thirty. During 
the next decade there is a gradual decline in 
frequency and after forty the disease be- 
comes much less common but is to be found 
even in the aged. This age distribution dis- 
tinctly emphasizes the fact that, although 
the majority of cases of bronchiectasis are 
diagnosed and treated during adult life, the 
onset of the condition occurs during child- 
hood. Bronchiectasis is, therefore, primar- 
ily a disease of childhood. 


PATHOLOGY OF BRONCHIECTASIS 


Whenever the bronchial tubes are di- 
lated beyond their normal caliber, there 
exists the pathological entity known as 
bronchiectasis. This condition does not or- 
dinarily give rise to symptoms. Only when 
there is an associated infection do symp- 
toms occur, and not until then can the 
clinical entity of bronchiectasis be said to 
exist. An exception to these facts is the oc- 
currence of so-called dry bronchiectasis in 
which bronchial dilatation but no infection 
is present. This condition only manifests it- 
self clinically in the occasional occurrence 
of pulmonary hemorrhages, so that the 
condition is also known as hemorrhagic 
bronchiectasis. 

That inflammation of one or more bron- 
chi initiates the process of acquired bron- 
chiectasis is fairly well accepted by most 
authorities. This inflammation is almost in- 
variably the result of infection. Upon the 
severity and extent of the infection will 
largely depend the subsequent course of 
events. If the resulting inflammation is 
severe enough to cause a desquamation of 
the epithelial lining of the bronchus with 
destruction of the underlying muscular and 
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elastic tissues, then the groundwork for 
bronchiectasis has been laid. This ulcera- 
tive process may extend beyond the bron- 
chus into the surrounding parenchyma ot 
the lung. When healing is attempted by the 
regenerative powers of the lung, granula- 
tion tissue, rich in blood vessels, makes its 
appearance. These granulations are subse- 
quently covered by a somewhat modified 
type of epithelium, without cilia. The bron- 
chial wall is thus composed of this newly 
epithelized granulation tissue devoid of 
muscle and elastic fibers. The granulation 
tissue is subsequently replaced by fibrous 
tissue and this may extend for a variable 
distance into the lung parenchyma. The 
bronchial wall is thus considerably weak- 
ened and dilatation occurs resulting in 
bronchiectasis. 

Bronchiectasis is a progressive disease 
since each pathological alteration predis- 
poses to additional changes which intensify 
the condition; thus a vicious circle is 
created. The changes in the bronchial wall, 
the loss of the ciliated epithelium and the 
accompanying fibrosis prevent the elimina- 
tion of bronchial secretions. The retained 
secretions become infected and intensify 
the changes already present. The disorderly 
and unrestrained production of granulation 
tissue, which subsequently may result in 
permanent folds, often causes partial or 
complete obstruction of the bronchial lu- 
men, thus definitely interfering with respir- 
atory function The ever present infec- 
tion in bronchiectasis predisposes to the 
frequent occurrence of pneumonitis. This 
complication aggravates the existing bron- 
chiectasis, tends to spread the infection to 
adjacent portions of the bronchial tree and 
upper respiratory tract and eventuates in a 
chronic interstitial or indurative pneu- 
monia as well as a chronic tracheo- 
bronchitis. 

Asa result of the many factors involved, 
various types of deformity of the bronchi 
occur. These have been described as cylin- 
drical, fusiform and saccular. The peri- 
bronchial and interstitial fibrosis resulting 
from bronchiectasis tends to distort and in- 
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crease the bronchial dilatation by direct 
traction upon the bronchial wall. At times 
the ulcerative bronchitis is so severe that 
the bronchial wall is perforated and cavities 
occur in the surrounding lung parenchyma. 
These cavities simulate the saccular dilata- 
tions of the bronchi. This condition is right- 
fully referred to as multiple lung abscess or 
chronic pulmonary suppuration which is 
often associated with or perhaps the cause 
or result of bronchiectasis. Finally gan- 
grene of the lung may occur in associa- 
tion with bronchiectasis. The pathological 
changes as described are for the most part 
irreversible since the basic changes are 
primarily the destruction of tissues which 
show little tendency to regenerate. 

The pathological changes of bronchiec- 
tasis vary considerably in extent and 
severity. These changes may be unilateral 
or bilateral, or they may involve only a 
small portion of a lobe. It is an interesting 
observation of Perry and King” that bron- 
chiectasis shows little or no tendency to 
spread beyond the original site of involve- 
ment and that the pathological changes are 
usually maximal when first demonstrated. 
The fact that patients will become progres- 
sively worse clinically is due to the increase 
in the severity of the accompanying infec- 
tion and the long continued toxemia which 
is so often present. 

Most statistical reports of the anatomical 
distribution of bronchiectasis indicate that 
the left lower lobe is most frequently in- 
volved. This is particularly true in children. 
According to Leopold,'® bronchiectasis in 
the left lung is three times as common as in 
the right in children and twice as common 
in adults. This predilection for the left 
lower lobe has been explained by Duken 
and von den Steinen® on the basis that the 
right lower lobe drains better than the left 
because the right main bronchus is a direct 
continuation of the trachea, that the left 
main bronchus is narrower than the right 
and shows a constriction where it is crossed 
by the left pulmonary artery and that in 
children this artery can readily compress 
the bronchus. These factors favor lobar 
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collapse and retention of secretions in the 
left lower lobe. 


PATHOGENESIS OF BRONCHIECTASIS 


Infected, dilated bronchi constitute the 
basic pathological changes bronchiec- 
tasis. The manner in which the bronchi be- 
come infected is readily understood. The 
weakening of the bronchial wall as the re- 
sult of the pathological changes due to in- 
fection permits the bronchi to dilate. But 
what is the force which actually dilates the 
bronchi? This, without doubt, has been the 
most controversial aspect of bronchiectasis 
since the days of Laennec. Many theories 
have been advanced and although it is be- 
lieved by some that the problem has been 
solved, there still continue differences of 
opinion. The changing views regarding the 
dilating force in bronchiectasis has been 
chronologically summarized by Hamman 
as follows: 


This matter of the dilating force, which 
leads to bronchiectasis, when the bronchial wall 
is weakened by disease, has been commented 
upon and questioned by all authors who have 
written upon the disease. Medical literature is 
full of these discussions. Laennec, the first to 
describe the pathological anatomy of bronchi- 
ectasis, ascribed the condition to retained 
bronchial secretion. Andral, in 1827, em- 
phasized the effects of inflammation upon the 
bronchial wall leading to attenuation and loss 
of elasticity. Apparently he thought the stress 
of ordinary breathing sufficient to dilate such 
weakened bronchi. Reynard, in 1838, appar- 
ently was the first to describe the association 
of bronchiectasis and bronchial obstruction. 
Corrigan, 1838, in his studies on cirrhosis of the 
lung, noted the frequent association of bronchi- 
ectasis with extensive fibrosis. He explained the 
bronchial dilatation as a result of the pull of the 
scar tissue. Rilliet and Barthez, 1843, were the 
first to call attention to the frequent occurrence 
of bronchiectasis in children and to emphasize 
the role of pneumonia, particularly pneumonia 
complicating measles and pertussis. Mendel- 
sohn, 1845, contended that cough was the di- 
lating force which produced bronchiectasis 
when the bronchial walls were weakened by 
disease. Barth, 1856, stressed again the impor- 
tance of bronchial obstruction, contending that 
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all the factors previously invoked to explain the 
development of bronchiectasis were most effec- 
tive in the presence of bronchial obstruction. 
Biermer, 1860, in his comprehensive review of 
bronchiectasis collected all the views previously 
maintained and stressed again the importance 
of bronchial obstruction. During the following 
sixty years, these opinions have been reviewed 
and revised with much discussion, and even 
today the discussion continues. However, dur- 
ing the past fifteen years accumulating evidence 
has favored the view that bronchiectasis is 
caused only by bronchial stenosis. 

Thus, it is seen that before bronchiectasis 
can develop, not only is infection necessary 
but some form of bronchial obstruction 
must be present. Either bronchial infection 
or obstruction may be primary. When in- 
fection occurs first, bronchial occlusion may 
result from thick, inspissated secretions, 
granulation tissue or cicatricial changes in 
and about the bronchi. When bronchial 
obstruction is primary, the stagnation and 
retention of secretions invite infection. 

By what mechanism does bronchial ob- 
struction cause bronchial dilatation? When 
a bronchus becomes completely occluded, 
collapse of the pulmonary tissue peripheral 
to the obstruction occurs. The surrounding 
lung tissue becomes overaerated in order 
to occupy the space left by the collapsed 
tissue. Thus, there is created a disturbance 
in the pressure relationships within the 
chest, the effect of which is to exert traction 
upon the infected and weakened bronchi of 
the collapsed tissue sufficient to cause dila- 
tation. When the lumen of a bronchus is 
only partially occluded there may be a ball- 
valve effect; that is, air readily enters the 
involved tissues during inspiration but is 
prevented from escaping by the bronchial 
occlusion during expiration. Thus, with 
each inspiration there is an ever increasing 
pressure within the involved lung tissue 
which may grow to considerable propor- 
tions. This is more than sufficient to dilate 
the weakened bronchi. With partial ob- 
struction, in the absence of a ball-valve 
arrangement, bronchial dilatation will also 
occur. Since the inspiratory phase of respir- 
ation is more forceful than the expiratory 
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phase, an increased pressure within the 
tissues supplied by the occluded bronchus, 
sufficient to dilate the bronchi, will occur. 
It is believed that in the presence of normal 
bronchi these forces are not sufficient to 
cause permanent dilatation. These effects 
of bronchial dilatation are more effective 
when the larger bronchi are involved since 
much more tissue becomes collapsed and 
the disturbance of intrathoracic pressure is 
greater. This fact is in conformity with the 
pathology of bronchiectasis since it usually 
is the larger and middle sized bronchi that 
are involved. 


ETIOLOGY OF BRONCHIECTASIS 


I. Congenital 
Il. Acquired 
A. Bronchial Infection 
1. Acute tracheobronchitis 
2. Pneumonia 
a. Bronchopneumonia 
(1) Influenza 
(2) Measles 
(3) Pertussis 
b. Lobar pneumonia 
3. Chronic paranasal sinusitis 
4. Allergy 
B. Bronchial Obstruction 
1. Intrabronchial 
a. Foreign body 
b. Broncholith 
c. Occluding secretions 
2. Bronchial 
a. Stenosis 
(1) Congenital 
(2) Acquired 
(a) Traumatic 
(b) Infectious 
Specific 
Nonspecific 
b. Tumor 
3. Peribronchial 
a. Enlarged lymph nodes 
b. Tumor 
c. Pulmonary fibrosis 
C. Miscellaneous 
1. Lesions of the pleura 
2. Lesions of the thoracic cage 


Congenital Bronchiectasis. Although there 
has been considerable controversy regard- 
ing the existence of congenital bronchiec- 
tasis, the finding of dilated bronchi in the 
lungs of the fetus and in newborn infants at 
autopsy leaves little doubt that this condi- 
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tion does occur. In the absence of infection 
it is highly improbable that these cases 
would give rise to symptoms. When infec- 
tion is present it is difficult to determine 
whether the bronchial dilatation is con- 
genital or acquired. The mere fact that 
clinically demonstrable bronchiectasis may 
occur a few weeks after birth does not justi- 
fy the assumption that the condition is 
congenital since it has been amply shown 
that under proper conditions bronchiectasis 
may develop quite rapidly. The etiological 
factors underlying the production of con- 
genital bronchiectasis are but little under- 
stood. 

Acquired Bronchiectasis. In acquired 
bronchiectasis it is generally conceded that 
bronchial infection and bronchial obstruc- 
tion are the most important etiological 
factors. There is the growing belief that a 
combination of the two is present in every 
case and that one without the other would 
probably not result in bronchiectasis. This 
would account for the fact that the majority 
of cases of either infection or obstruction 
do not give rise to bronchiectasis. Either in- 
fection or obstruction may be the primary 
lesion, the other resulting as a complication. 

This etiological origin directs attention to 
the fact that bronchiectasis is never a pri- 
mary disease but is always secondary to 
some pre-existing condition. The primary 
disease may dominate the clinical picture, 
bronchiectasis occurring as an unimportant 
complication such as is the case in pul- 
monary tuberculosis or in most cases of 
lung abscess. In other instances, however, 
the primary condition may quickly subside; 
bronchiectasis appears years later and is 
then regarded as an independent disease. 
Such is often the case in bronchiectasis 
which follows pneumonia. 

A. Bronchial Infection. From the stand- 
point of infection an acute tracheobronchi- 
tis, either alone or as an accompaniment 
of a pneumonia, is the basis for the initia- 
tion of the changes leading to bronchiec- 
tasis. In the history of bronchiectatic 
patients the onset from a specific illness is 
to be found in more than half the cases, 
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Warner™ reported 59 per cent, Diamond 
and Van Loon’ 63 per cent. The condition 
which appears most prominent in such his- 
tories is pneumonia (Raia”’ 67 per cent, 
Warner* 30 per cent). Of the different types 
of pneumonia, bronchopneumonia is the 
most common offender. In a severe attack 
there may be an accompanying ulcerative 
bronchitis. In less severe cases of acute 
tracheobronchitis and bronchopneumonia, 
the patient may be left with a chronic 
tracheobronchitis and develops a predis- 
position to repeated attacks of respiratory 
tract infection which eventuate in a 
bronchiectasis. 

Acute tracheobronchitis and broncho- 
pneumonia are frequent complications of 
such common infections as_ influenza, 
measles and whooping cough. As such they 
may lead directly into bronchiectasis or 
may leave the patient with a chronic 
tracheobronchitis. Influenza, in particular, 
is regarded by some investigators as es- 
pecially prone to result in bronchiectasis. 
It is to be remembered that in these acute 
respiratory tract infections it is not the in- 
fection alone which causes the bronchiecta- 
sis but the patchy areas of atelectasis due 
to occluding secretions that supply the 
mechanism for the dilatation of the bronchi 
in the involved areas. 

Whereas the preceding conditions are 
common etiological factors to be found in 
children, lobar pneumonia is occasionally re- 
sponsible for the bronchiectasis having its 
onset in adult life. It is common knowledge 
that atelectasis of varying degree is an es- 
sential part of the pathological changes oc- 
curring in a lobar consolidation. Many 
authors, with varying degrees of emphasis, 
have directed attention to the importance 
of atelectasis in the production of bronchi- 
ectasis. The large bronchi involved in an 
area of atelectasis do not become collapsed. 
They thus become subjected to the stress 
and strain of the respiratory movements of 
the chest and, weakened by infection, dila- 
tation readily occurs. This is particularly 
prone to occur in slowly resolving pneu- 
monias, 


3 
i 


VoL. 51, No. 3 


Lobar pneumonia less commonly results 
in a chronic tracheobronchitis but in this 
regard it may also initiate the vicious circle 
of respiratory tract infections leading to 
bronchiectasis. Failure of complete resolu- 
tion in lobar pneumonia is of common oc- 
currence. The local bronchitic and paren- 
chymal changes that constitute the patho- 
logical picture of an unresolved pneumonia 
are such as would readily terminate in a 
bronchiectasis. 

When one thinks of a lung abscess, in- 
stinctively the possibility of a tonsillectomy 
as the etiological factor is considered. This 
association is a well established medical 
fact. That bronchiectasis may occur as a 
complication of tonsillectomy is less gener- 
ally known. It is, however, an etiological 
factor which must be given some considera- 
tion. In the 400 cases of Perry and King,”° 
43, or 11 per cent, followed tonsillectomy 
and adenectomy. This type of bronchiec- 
tasis probably also originates as an acute 
respiratory tract infection, either in the 
form of a bronchopneumonia or lobar 
pneumonia. 

Chronic Paranasal Sinusitis. Consider- 
able attention has been given to the rela- 
tionship of disease of the paranasal sinuses 
and pathological conditions of the lung. 
That such a relationship exists there can 
be no doubt but as regards bronchiectasis 
some of the more recent writers have taken 
issue with those authorities who maintain 
that sinusitis is one, if not the most impor- 
tant, predisposing cause of bronchiectasis. 
Goodale” and also Clerf* have emphasized 
the importance of sinusitis in the etiology 
of bronchiectasis. Erb,’ on the other hand, 
is of the opinion that sinusitis follows rather 
than precedes bronchiectasis in most in- 
stances. Nevertheless it cannot be denied 
that sinusitis is an important factor in the 
development of bronchiectasis. The fre- 
quency of the “common head cold” with 
involvement of the paranasal sinuses, the 
tendency of the sinuses to harbor infection 
and to become chronically involved and the 
tendency of the chronically infected sinuses 
to act as a source of reinfection for the rest 
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of the respiratory tract leading to a chronic 
tracheobronchitis has been well established. 
This predisposes to attacks of pneumonia 
from which bronchiectasis may develop. 
The fact that many individuals with 
chronic sinusitis never develop clinical evi- 
dence of bronchiectasis is no argument 
against the relation of the two conditions. 

The frequent association of sinusitis and 
bronchiectasis has been an outstanding 
feature of many statistical studies. Thus, 
Farrell’® found 86 per cent of his series of 
bronchiectatic patients with sinus involve- 
ment; Diamond and Van Loon’ report 64 
per cent, and Raia* 82 per cent. It must be 
remembered, however, that the mere asso- 
ciation of sinusitis with bronchiectasis is no 
justification for the conclusion that the 
sinusitis caused the bronchiectasis. There 
may be no connection whatever. On the 
other hand, there is no denying the fact 
that paranasal sinusitis often results from a 
bronchiectasis. The continual drainage of 
infected material from the dilated bronchi 
aggravates the existing bronchitis which 
spreads by continuity until the entire 
respiratory tract becomes involved includ- 
ing the nasal accessory sinuses. This se- 
quence of events seems inevitable. The co- 
existence of sinusitis and bronchiectasis 
leads to a vicious circle, an exacerbation of 
the infection in one area resulting in an 
acute flare-up in the other. This has been 
convincingly demonstrated by Graham” in 
the study of patients with bronchopleurai 
fistulae wherein it was found that an acute 
sinusitis resulted in aggravation of the in- 
flammatory process and increase in the 
secretions from the bronchopleural fistula. 

Allergy. One rather hesitates to discuss 
the relationship of bronchiectasis and al- 
lergy of the respiratory tract as manifested 
in asthma and hay fever. There are those 
who deny any relationship, while others 
regard allergy as an important etiological 
factor in the development of bronchiecta- 
sis. Watson and Kibler® studied a series of 
46 cases of bronchiectasis and found that a 
large percentage had evidence of allergy. 
They noted that in the majority of pa- 
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tients, bronchiectasis was favorably influ- 
enced by treatment of the allergy. They di- 
rected attention to the close roentgeno- 
logical resemblance of bronchiectasis and 
basal allergic bronchitis which can only be 
differentiated by bronchographic studies. 
They also stated that the common associa- 
tion of sinusitis and bronchiectasis can be 
explained on the basis of allergy. 

When one considers the effects of hay 
fever and asthma upon the respiratory 
tract it would seem logical to expect bron- 
chiectasis to follow as a complication of 
these conditions. The vasomotor phe- 
nomena which occur in the nose and para- 
nasal sinuses as the result of allergy 
predispose these structures to infection. 
The common association of chronic sinusi- 
tis and hay fever bears witness to this fact. 
Similar factors operate in the lungs in 
patients with asthma. In well established 
cases, a chronic tracheobronchitis is an 
almost invariable accompaniment. This is 
readily demonstrated upon roentgen ex- 
amination of the chest in individuals with 
asthma. The appearance of a severe chronic 
tracheobronchitis as manifested by an in- 
tensification of the hilar and truncal sha- 
dows of the lungs is often sufficiently char- 
acteristic to suggest that the patient is 
asthmatic. That the chronic tracheobron- 
chitis, associated with atelectasis which so 
commonly occurs in asthma, should not 
result in bronchiectasis does not seem 
reasonable since all the factors necessary 
for its production are present. 

B. Bronchial Obstruction. There is ample 
evidence both clinically and pathologically 
that bronchial obstruction is a prime factor 
in the etiology of bronchiectasis. The causes 
of bronchial obstruction are legion and are 
best considered from the standpoint of 
their relationship to the bronchus. The 
mechanism of the production of bronchiec- 
tasis by bronchial obstruction has already 
been considered. We need here merely to 
give attention to the specific forms of 
bronchial occlusion. 

1. Intrabronchial Obstruction. In this 
category foreign bodies stand out as being 
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particularly significant. All manner of for- 
eign bodies gain access to the lungs and 
come to rest in one of the larger bronchi 
where a variable degree of obstruction is 
produced. With complete obstruction ate- 
lectasis occurs distal to the obstruction. 
With partial occlusion there is retention 
of secretions producing the so-called 
“drowned lung” and with a ball-valve type 
of obstruction there occurs an obstructive 
emphysema. Atelectasis, retained secre- 
tions and emphysema are recognized fac- 
tors in the etiology of bronchiectasis. 
Whether or not a foreign body will produce 
a bronchiectasis is dependent upon several 
associated factors. Infection accompanying 
or resulting from the lodgment of a foreign 
body is necessary and the duration of the 
sojourn of the foreign body in the bronchus 
is also of prime importance. The longer the 
bronchial obstruction, the more severe and 
extensive the resulting changes and the 
more likely the development of bronchiec- 
tasis. Obviously bronchiectasis is more 
common in those instances in which there is 
no definite history of the aspiration of a 
foreign body, which may have occurred 
months or years before. This type of case is 
surprisingly common as revealed by roent- 
genologic and bronchoscopic studies. 

Various writers have directed attention 
to the significance of broncholiths in the 
etiology of bronchiectasis. The frequency of 
this occurrence would be difficult to deter- 
mine. The mechanism involved is similar 
to that operative in the case of extraneous 
foreign bodies. 

Bronchial occlusion by mucous plugs and 
inspissated secretions is of fairly common 
occurrence and therefore important in the 
etiology of bronchiectasis. This is the cause 
of atelectasis in pneumonia and in post- 
operative patients. Such an occurrence is 
not uncommon in bronchial asthma nor in 
bronchiectasis itself. This type of bronchial 
obstruction may be encountered in almost 
any type of pulmonary infection. 

2. Bronchial Obstruction. Lesions which 
involve the bronchial wall directly are not 
uncommon. Stenosis of a bronchus may 
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arise from a variety of causes. It may be 
congenital and as such may be one of the 
causes of congenital bronchiectasis. In the 
acquired variety stricture may be of trau- 
matic origin, such as occurs from the lodg- 
ment of a foreign body, particularly those 
having sharp points. During the removal 
of a foreign body trauma of sufficient sever- 
ity may occur to a bronchus to result in a 
stricture. 

Stenosis may also arise during an acute 
respiratory tract infection from a fairly 
localized ulcerative bronchitis. With sub- 
sequent healing and scar tissue contraction 
strictures of varying degree may result. 
The infection may be of specific origin, 
such as tuberculosis or syphilis. Tubercu- 
lous granulations within the bronchi may 
produce multiple strictures. Syphilis is 
sometimes referred to in the etiology of 
bronchiectasis. This is not due to the spe- 
cific infection itself but to a bronchial 
stenosis which is prone to occur in this 
condition. 

Tumors of the bronchial wall are being 
encountered with increasing frequency. 
They may be either benign, in the form of 
an adenoma or papilloma or malignant, as 
a bronchogenic carcinoma. The latter, are 
much more common. These tumefactions 
readily occlude the lumen of the bronchus, 
produce atelectasis, invite infection and 
thus initiate the changes essential for the 
development of bronchiectasis. 

3. Peribronchial Obstruction. Peribron- 
chial obstruction occurs as the result of 
extrinsic pressure upon a bronchus. Any- 
thing capable of producing this type of 
pressure may cause bronchiectasis. While 
there are many possibilities in this regard 
only a few of the more common need be 
mentioned here. 

Enlarged, lymph nodes occurring in the 
hilar region, from whatever cause, may 
produce sufficient pressure upon one or 
more of the larger bronchi to cause partial 
occlusion. This interference with pul- 
monary ventilation favors the retention of 
bronchial secretions, invites infection and 
may ultimately lead to bronchiectasis. 
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This sequence of events has been growing 
in importance with many recent writers 
on the subject. It affords an adequate ex- 
planation for the predominance of the onset 
of bronchiectasis in children. Enlargement 
of hilar lymph nodes is of common occur- 
rence in children from such conditions as 
pertussis and tuberculosis. 

Tumors in the mediastinum, hilum or 
parenchyma of the lung will, by direct 
pressure or invasion, occlude one or more 
bronchi and as in the case of enlarged lymph 
nodes the stage is set for the development 
of a bronchiectasis. Such tumors may be of 
various kinds, benign or malignant, and 
include aneurysms of the aorta and the 
tumefactions of lymphoblastomata. 

Pulmonary fibrosis, which is such a com- 
mon pathological entity, is capable of 
causing peribronchial obstruction. Corri- 
gan, 1838, regarded cirrhosis of the lung 
due to pulmonary fibrosis as the cause of 
bronchiectasis. This theory is not now gen- 
erally accepted although there remain some 
adherents to this idea. It has been pointed 
out that pulmonary fibrosis usually follows 
rather than precedes bronchiectasis. It is 
generally agreed, however, that pulmonary 
fibrosis is a contributory factor in bronchi- 
ectasis operating in two ways: by producing 
peribronchial occlusion and direct traction 
on the bronchial wall. Outstanding in this 
respect is the fibrosis so commonly associ- 
ated with tuberculosis in which bronchiec- 
tasis to some degree is an invariable accom- 
paniment. While certain authors have 
emphasized the pulmonary fibrosis of 
pneumoconiosis, it is certain that bronchi- 
ectasis does not often assume clinical sig- 
nificance in this condition. Possibly the 
element of infection is not sufficient to 
produce symptoms of bronchiectasis. 

C. Miscellaneous. Of minor if not of 
questionable significance are certain mis- 
cellaneous conditions to which bronchiecta- 
sis is sometimes attributed. Lesions of the 
pleura, particularly adhesions, are some- 
times mentioned as playing an important 
role. Such adhesions are supposed to exert 
sufficient traction upon the bronchi during 
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respiratory movements to cause dilatation. 
It is doubtful whether such a mechanism 
alone could produce bronchiectasis. Much 
more probable is the supposition that the 
pulmonary condition responsible for the 
pleural adhesions is the causative factor of 
a resulting bronchiectasis. Significant is the 
observation that bronchial dilatation does 
not occur in long continued pneumothorax 
and apparently bronchiectasis does not 
occur in long standing pleural effusions in 
which the lung is continuously compressed. 
In much the same category is the relation 
of congenital and acquired deformities of 
the thoracic cage to bronchiectasis. Sup- 
posedly there is a weakening of the respira- 
tory effort in the presence of thoracic de- 
formities which leads to bronchial dilata- 
tion. The bronchiectasis which is sometimes 
seen associated with such conditions is 
most probably not due to the thoracic 
deformity per se. Deformities of the chest 
are at times of such a nature as to interfere 
with the normal physiology of respiration. 
This will, of course, predispose to respira- 
tory tract infections and such infections 
are more probably the cause of any result- 
ing bronchiectasis. Under such conditions, 
however, the thoracic deformity must be 
regarded as a contributory factor. 


BACTERIOLOGY OF BRONCHIECTASIS 


The etiology of bronchiectasis has been 
repeatedly sought for in the bacteriology 
of this disease. Claims have been made 
from time to time that certain organisms 
are directly responsible for the occurrence 
of bronchial dilatation. Thus Smith” has 
emphasized the importance of fusospiro- 
chetal infection. It is true that the Vin- 
cent’s organism has a greater destructive 
effect upon the bronchial wall than most 
other organisms, but most observers are of 
the opinion that these organisms are sec- 
ondary invaders, especially in view of the 
fact that they are more commonly found 
in the bronchiectasis of adults than of 
children. The frequency of Vincent’s infec- 
tion in the mouth of adults is common 
knowledge, In bronchiectasis a large vari- 
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ety of bacteria are to be found which vary 
from time to time and seldom is one or- 
ganism present in pure culture. Most ob- 
servers agree with Greey™ that there is 
nothing specific in the bacteriology of 
bronchiectasis. 


SYMPTOMATOLOGY OF BRONCHIECTASIS 


The cardinal clinical manifestations of 
bronchiectasis are a chronic productive 
cough, the expectoration of variable 
amounts of sputum which may or may not 
be fetid, and occasional hemoptysis. Many 
inconstant and variable signs and symp- 
toms may be present, such as recurring 
bouts of fever, dyspnea, night sweats, 
anemia, loss of strength and weight. The 
symptomatology is largely dependent upon 
the extent of the disease and severity of the 
infection. In the milder forms there may be 
no symptoms whatever. This is particularly 
true of so-called drv bronchiectasis in which 
there is dilatation without infection. 

In the typical case of bronchiectasis, be- 
cause of the constant infection present 
there is an excess amount of bronchial secre- 
tion. In an attempt to eliminate this mate- 
rial a chronic cough develops. This is al- 
most invariably much worse upon arising 
in the morning due to the accumulation of 
secretions during the night. Patients often 
learn that by assuming certain postures 
drainage of the accumulated secretions can 
be facilitated. After such drainage the pa- 
tient may be fairly free of cough for the 
remainder of the day. The amount of the 
sputum is a variable one depending upon 
the severity of the infection. At times it is 
very copious, thick, tenacious and difficult 
to raise. 

The retained secretions serve as an ex- 
cellent medium for a host of bacteria, many 
of them saprophytic in nature. According to 
Jackson and Jackson,’* these serve to de- 
crease the viscosity of the sputum so that 
it can be more readily expelled. This putre- 
factive process causes the sputum to be 
very foul and offensive. The odor is said to 
be due to the presence of a fusospirochetal 
infection. Considerable emphasis has been 
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placed upon this feature of the condition 
since upon this one factor alone the diagno- 
sis of bronchiectasis can be suspected al- 
though offensive sputum also occurs in 
pulmonary abscess, chronic pulmonary 
suppuration and gangrene of the lung but 
usually in a more exaggerated form. AIl- 
though a copious and fetid sputum is 
characteristic and almost invariably pres- 
ent in the advanced stages of the disease it 
should be remembered that such sputum 
is not present in the majority of cases of 
bronchiectasis. Warner™ found that in only 
20 per cent of his cases was there a daily 
production of 4 ounces or more of foul 
smelling sputum. One characteristic which 
he regards as more important and ex- 
tremely suggestive of bronchiectasis is the 
“chunky” nature of the sputum. Neverthe- 
less, the importance of the foul and fetid 
sputum of bronchiectasis cannot be mini- 
mized since it is the one feature of the dis- 
ease which makes the condition such a 
loathsome one for both the patient and 
those with whom he comes in contact. 
Jackson and Jackson'® have likened the 
condition to a septic tank. 

It is not sufficiently appreciated that 
bronchiectasis is one of the most common 
causes of hemoptysis. This is particularly 
true in children. Blood spitting occurred in 
45 per cent of the cases reported by War- 
ner. To the average physician, bleeding 
from the lung means tuberculosis. No one 
has a better opportunity to appreciate this 
fact than the roentgenologist. A request for 
a chest roentgenogram in a patient with 
blood spitting is usually accompanied by a 
diagnosis of tuberculosis. The two condi- 
tions, aside from tuberculosis, which must 
be looked for in the roentgenogram in such 
cases are bronchiectasis and mitral stenosis. 
It is surprising the number of such cases 
encountered by the roentgenologist in 
which the diagnosis of tuberculosis has 
been made by the clinician. 

If one recalls the pathology of bronchiec- 
tasis the basis for hemoptysis is readily 
understood. The fresh, highly vascularized 
granulation tissue which is so abundantly 
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present in bronchiectasis shows a tendency 
to bleed quite readily. The irritating, 
harassing cough produces sufficient trauma 
to these granulations to cause them to 
bleed occasionally. The bleeding is usually 
not very great in amount. A mere streaking 
of the sputum with blood may be all that 
is present but it may recur quite frequently. 
At times, however, quite a profuse hemor- 
rhage may occur and this may prove to be 
a serious complication. 

Depending upon the amount of bronchial 
secretions and the difficulty with which it 
is eliminated, there may be a low grade 
fever and the patient may become septic. 
With the establishment of adequate drain- 
age these symptoms disappear. The con- 
stant absorption of septic material produces 
a state of low grade toxemia. This eventu- 
ally leads to anorexia, a poor state of nutri- 
tion, a progressive anemia, and loss of 
weight and strength. Since bronchiectasis 
is a progressive disease there is an inevitable 
impairment of respiratory function leading 
to a variable degree of dyspnea. The in- 
evitable myocardial damage resulting from 
the increased resistance within the lesser 
circulation incident to the pulmonary fibro- 
sis of bronchiectasis plus the prolonged 
state of toxemia adds materially to the 
patient’s signs and symptoms. 


PHYSICAL EXAMINATION IN 
BRONCHIECTASIS 


In comparison with the extent and sever- 
ity of the pathological changes the physical 
signs in bronchiectasis are rather negligible. 
There are no signs which are pathogno- 
monic. In the more advanced cases some 
restriction in the movement of the chest 
may be noted, there may be some dullness 
to percussion over the involved portions of 
the lung and the breath sounds may be 
somewhat less audible. Rales occasionally 
may be heard but are by no means con- 
stant. In long standing cases clubbing of 
the fingers characteristic of chronic pul- 
monary suppuration appears and the 
changes of chronic pulmonary osteoarthrop- 
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athy may be present. 
loidosis may develop. 


Eventually amy- 


DIAGNOSIS OF BRONCHIECTASIS 


Only in the advanced cases are the symp- 
toms sufficiently characteristic to warrant 
a diagnosis of bronchiectasis. In the mild 
and moderately advanced cases, which con- 
stitute the vast majority of patients, the 
symptoms may be merely suggestive. Of 
greater significance is the history of a defi- 
nite onset during childhood from some spe- 
cific infection, leaving the patient with a 
predisposition to frequent respiratory tract 
infections, a chronic cough which gradually 
becomes worse, accompanied by an in- 
creasing amount of expectoration. With 
such a history the diagnosis of bronchiecta- 
sis is most probable and a roentgen exami- 
nation of the chest is in order. 

The ordinary roentgenogram of the chest 
will not, as a rule, warrant a positive diag- 
nosis of bronchiectasis. When this disease 
can be recognized in the ordinary roentgen 
study, the condition has reached an ad- 
vanced stage. When viewing roentgeno- 
grams in a suspected case of bronchiectasis 
the possibility of a foreign body should 
never be forgotten. Quite characteristic of 
bronchiectasis are the dense triangular 
shadows frequently found in the base of a 
lung adjacent to the heart. Usually an in- 
tensification of the hilar and trunk shadows 
especially those to the bases is all that is 
found in the plain roentgenogram. This is 
indistinguishable from a chronic tracheo- 
bronchitis. Such findings in a child or young 
adult combined with a history as afore- 
mentioned warrants a suggestive diagnosis 
of bronchiectasis. The next step in the 
investigation is a bronchoscopic examina- 
tion. 

A bronchoscopic examination is an abso- 
lute essential in every patient with sus- 
pected bronchiectasis. This will reveal in- 
formation not obtainable in any other way. 
One sees the condition of the respiratory 
tract from the larynx to the larger bronchi 
and learns whether these parts are involved 
by the inflammatory process and the extent 
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and severity of this involvement. The pres- 
ence of congenital anomalies can be de- 
tected, and important in every case of 
bronchiectasis is the presence of a foreign 
body. The actual site of the bronchiectasis 
is not reached by the bronchoscope so that 
the bronchial dilatations are rarely seen. 
The character of the inflammatory reaction 
and the aspiration of considerable amounts 
of thick, viscid, purulent secretions from 
the smaller bronchi are highly suggestive 
of bronchiectasis. Thus, while a definite 
diagnosis of bronchiectasis cannot be made 
by bronchoscopic examination, except in 
the advanced cases, the findings are usually 
such as to indicate the need for bronchogra- 
phy 

The roentgen visualization of the bron- 
chial tree after the introduction of a con- 
trast medium is becoming of increasing 
value in all manner of pulmonary condi- 
tions. In bronchiectasis it is the only abso- 
lute method of establishing the diagnosis 
regardless of the stage of the disease. A 
number of methods have been devised for 
introducing the iodized oil into the bron- 
chial tree. All give good results depending 
upon the skill of the physician performing 
the procedure. By means of bronchography 
the extent and nature of the bronchial dila- 
tation are readily ascertained. It can be 
learned whether the disease is sharply lo- 
calized, whether it involves more than one 
lobe and whether it is unilateral or bi- 
lateral. 

In the final analysis, therefore, while 
there are many factors which may lead the 
clinician to suspect bronchiectasis, the di- 
agnosis must actually be established by 
bronchography. 


CLINICAL COURSE AND PROGNOSIS OF 
BRONCHIECTASIS 


Bronchiectasis is primarily a disease of 
childhood, runs a slow progressive course, 
becomes clinically established during 
adolescence or early adult life, leads to a 
life of chronic invalidism and terminates 
in death from one of a number of complica- 
tions. The condition has its onset during 
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childhood resulting from a combination of 
respiratory infection and bronchial occlu- 
sion. The disease may run a very rapid 
course becoming well established and easily 
recognized within a few weeks or months. 
The usual course of events, however, is 
much more insidious, the patient enjoying 
comparatively good health for many years 
after the onset of the condition but showing 
a greater predisposition to respiratory tract 
infections than the average individual. 
These infections increase in frequency and 
severity until adult life is reached when a 
well established bronchiectasis has_ re- 
sulted. In about two-fifths of such cases the 
initial condition responsible for the bron- 
chiectasis has long since been forgotten. 

The subsequent history regardless of 
whether the development has been rapid or 
slow is fairly characteristic. The patient’s 
general health may be good but there is a 
tendency to “take cold” rather easily. 
These “‘colds” become increasingly difficult 
to ‘‘throw off.” The patient is left with a 
persistent, annoying cough in between at- 
tacks of respiratory tract infection. The 
cough becomes somewhat productive. The 
sputum increases in amount and eventually 
becomes fetid and foul in character. The 
patient has increasing difficulty in raising 
the sputum and soon learns that this can 
be facilitated by assuming certain positions. 
His symptoms are worse in the morning. 
He never feels quite up to par and at times 
he is distinctly toxic. His general health be- 
gins to fail, he suffers from lassitude and 
ready fatigability, there is a loss of appetite 
and gradual loss of weight and strength. 
The development of this state of affairs 
may occur rapidly in the course of a few 
years or, on the other hand, the progression 
may be very slow covering a period of 
twenty to twenty-five years. 

Eventually other systems of the body be- 
come involved, especially the cardiovascu- 
lar system, the symptoms of which are 
superimposed upon those of the bronchiec- 
tasis. The terminal event is usually in the 
form of some complication which is fairly 
common. The patient becomes subject to 
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repeated attacks of pneumonia. In War- 
ner’s™ series 52 per cent had at least one 
attack of pneumonia and 27 per cent had 
more than one attack. One such attack 
may be severe enough to end fatally. Car- 
diac failure is a frequent cause of death 
in long standing cases. Massive pulmonary 
hemorrhage is the cause of a fatal termina- 
tion in some cases. Brain abscess is a 
notorious complication in suppurative con- 
ditions of the lung and usually proves 
fatal. General debility and asthenia with 
a terminal hypostatic pneumonia may be 
responsible for the bronchiectatic demise. 

Bronchiectasis is, however, not neces- 
sarily fatal. Although it is a progressive and 
irreversible disease it may at times become 
arrested or its progress may be so slow that 
the patient may live his allotted span of 
life and die from some other cause. In gen- 
eral, however, the prognosis of untreated 
bronchiectasis is poor. 

The prognosis of bronchiectasis varies 
considerably in individual cases. Warner, in 
a series of 110 cases, reported a mortality 
of 23 per cent, with the average duration 
of the disease of nine years. Roles and 
Todd” report a general mortality, regard- 
less of treatment, of 38 per cent. The mor- 
tality rate as reported by Perry and King” 
was 31 per cent. In the series of 171 cases 
reported by Bradshaw, Putney and Clerf,' 
34.5 per cent died from bronchiectasis or its 
complications, with the average duration 
of the disease thirteen and a half years. 


ECONOMIC IMPORTANCE OF 
BRONCHIECTASIS 


As has been stated, the patient with a 
definitely established bronchiectasis be- 
comes a chronic invalid. The frequently re- 
curring attacks of respiratory tract infec- 
tion cause much loss of time from work. This 
may make it difficult for an individual to 
hold a worth while position. The harassing 
cough and particularly the offensive spu- 
tum makes the individual objectionable to 
those with whom he is required to work. 
The toxicity and general lassitude so com- 
monly present definitely interfere with the 
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individual’s efficiency. He becomes pain- 
fully aware of his condition, of his inability 
to maintain his place in the world and to 
meet his social and economic obligations. 
This state of affairs has in some instances 
been terminated by suicide. It is important 
that physicians should recognize these 
facts. Thus the need for the prevention of 
bronchiectasis becomes all the more appar- 
ent. 


TREATMENT OF BRONCHIECTASIS 


Until recent years, the treatment of 
bronchiectasis was entirely medical. The 
most important single item in this form of 
therapy is postural drainage to rid the lungs 
of their septic material and to prevent 
toxemia. Many patients can be kept fairly 
comfortable by this one method alone. 
Sedation to control the annoying cough and 
to insure the patient rest and sleep is an 
important factor in treatment. Expecto- 
rants may aid in expelling the thick, tena- 
cious sputum. In the presence of fuso- 
spirochetal infection the intravenous injec- 
tions of neoarsphenamine have been found 
useful, especially in overcoming the fetor 
of the breath. Creosote by mouth has been 
used for the same purpose. General suppor- 
tive measures to maintain health is of vital 
importance and must be combined with 
whatever therapy is employed. Precau- 
tionary measures to prevent or minimize 
the severity of the recurrent respiratory 
tract infections are of the utmost impor- 
tance. As will be recognized, medical treat- 
ment is but palliative and not curative. No 
specific therapy in the form of sera or vac- 
cines has been found of any avail. There 
has not yet been sufficient experience with 
the use of sulfonilamide and its derivatives 
to know whether or not these drugs will be 
of benefit in the treatment of bronchiec- 
tasis. 

With the advent of the bronchoscope a 
new form of therapy for bronchiectasis was 
introduced, namely bronchoscopic drainage. 
This has been of inestimable value. It ac- 
complishes in a much more efficient manner 
what the physcian has attempted to do 
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with postural drainage. There is no ques- 
tion that the patient relieved of the germ 
laden secretions will be very much im- 
proved, subjectively and objectively, the 
progress of the disease will be much delayed 
and some of the complications may be pre- 
vented. The direct injection of drugs into 
the bronchial tree has not as yet proved of 
definite value, although there is the impres- 
sion that patients are sometimes improved 
after the use of lipiodol for bronchography. 
Bronchoscopic drainage does not materially 
alter the underlying pathological changes 
of bronchiectasis; therefore, the condition 
is not cured by this form of therapy. 

In 1934 Berck! reported his experience 
with radiation therapy in the treatment of 
bronchiectasis. This was followed by a sec- 
ond paper in 1937 by Berck and Harris? in 
which they reported definite improvement 
in a large percentage of the patients 
treated. According to these authors, the 
rationale for the use of this method is an 
attempt to change an infected and over- 
productive type of bronchiectasis into the 
dry form of the disease. It is well known 
that if the secretions can be minimized 
there is a marked improvement in the pa- 
tient’s symptoms and general physical con- 
dition. This method of therapy has not be- 
come very popular and there are few re- 
ports to substantiate the claims of the 
originators of the method. 

The most recent addition to the therapy 
of bronchiectasis is surgery in which the 
involved lobes of the lung are removed. 
Other forms of surgery such as pneumo- 
thorax, phrenicectomy and thorocoplasty 
have also been tried but none of these have 
been of permanent benefit except in iso- 
lated cases. 

The success of lobectomy and pneumo- 
nectomy is dependent upon a number of fac- 
tors, such as the proper selection of cases, 
the general condition of the patient and the 
skill of the surgeon. The most favorable 
cases are those in which the disease is uni- 
lateral and limited to one lobe. The least 
favorable are those in which the disease 
shows a widespread bilateral involvement. 
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In these, even though the lobes most in- 
volved are removed, the entire respiratory 
tract is more or less involved by the under- 
lying inflammatory process responsible for 
the bronchiectasis. In such cases, although 
considerable palliation can be accomplished 
by surgery, actual cure of the condition is 
impossible. 

The general condition of the patient is of 
the utmost importance in the surgical treat- 
ment of bronchiectasis. Obviously a patient 
who is much debilitated, emaciated and 
anemic is a poor surgical risk and will not 
have the stamina nor the recuperative 
powers to withstand a formidable opera- 
tion. Therefore, it is important that opera- 
tion be not too long delayed and should be 
done before the patient begins to show sys- 
temic effects of the disease. In some ad- 
vanced cases it may be necessary to restore 
the patient to an improved physical state 
before operation is attempted. Certain it is 
that surgical results will be much better the 
earlier operation is performed; this means a 
resort to surgery during childhood in many 
if not most of the cases. It is difficult to 
convince the referring physician to submit 
his patient to a major thoracic operation for 
a disease which in its earlier stages does not 
appear to be so very serious. Much educa- 
tion of the general medical profession re- 
garding bronchiectasis is needed before the 
general practitioner will understand and 
have the proper attitude toward the surgi- 
cal treatment of this disease. 

The question arises as to whether sur- 
gery should not be done as soon as the diag- 
nosis of bronchiectasis has been estab- 
lished. In view of the variable course of the 
disease in different individuals it would 
appear more logical to keep the patient 
under observation for a time and attempt 
to control the progress of the condition by 
less radical means. While definite progres- 
sion is the rule in clinical bronchiectasis, at 
times this progression is so slow that the 
condition never becomes of serious import. 
Conservative measures should not be per- 
sisted in if the patient does not show defi- 
nite improvement or the disease does not 
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become arrested within a reasonable period 
of time. 

Finally, one must consider the fact that 
a lobectomy or pneumonectomy carries 
with it a certain mortality. According to 
Bradshaw, Putney and Clerf,® the general 
mortality is about Io per cent. In unilateral 
involvement the mortality is under 5 per 
cent. This is a matter which must be seri- 
ously considered when operation is advised. 
Furthermore, complications, such as em- 
pyema and bronchopleural fistula, may oc- 
cur. Thus the skill of the surgeon plays a 
vital part in the success of the surgical 
treatment of bronchiectasis. The thorax is 
one of the most recent parts of the body to 
be invaded by the surgeon. Not all surgeons 
are trained in chest technique; therefore 
mortality statistics will vary widely. It 
must be remembered that only the expertly 
trained thoracic surgeon publishes his mor- 
tality statistics. Thus, the choice of a sur- 
geon becomes vitally important when op- 
eration for bronchiectasis is being consid- 
ered. 

Surgery has coemetinl the statement of 
Boyd,’ “Once bronchiectasis is well estab- 
lished in childhood an early death from 
bronchopneumonia can only be regarded as 
a blessing.”’ While surgery has very defi- 
nitely improved the prognosis of bronchi- 
ectasis, surgery does not solve the problem 
of this disease since it is admitted by all 
that there are many cases not suitable for 
surgery. No precise statement has been 
found indicating the percentage of patients 
with bronchiectasis suitable for surgical 
treatment. Inquiry of several thoracic sur- 
geons reveals a wide difference of opinion, 
ranging from 25 to 75 per cent. Bradshaw, * 
from his large experience in the~ “surgical 
treatment of bronchiectasis, believes that 
not more than 25 per cent of patients are 
suitable for surgery when the disease is 
first diagnosed. He is impressed with the 
advanced stage of the disease when the 
patient first seeks medical attention, even 
when the history of the condition is of rela- 
tively short duration. 

If one were arbitrarily to assume that 
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only unilateral cases of bronchiectasis are 
suitable for surgery, which is of course not 
true, some idea as to the percentage of 
patients in whom surgical treatment could 
be used might be obtained by reference to 
the anatomical distribution of the disease 
as reported by various authors. Thus, of the 
979 cases collected from the literature by 
Leopold,'® in 686 the disease was unilateral. 
Therefore, approximately 70 per cent would 
be suitable for surgery. There is consider- 
able range among the authors quoted; thus, 
in the 60 cases of Block and Francis, 53 
per cent were unilateral while in the 167 
cases reported by Duken and von den 
Steinen, 81 per cent were unilateral. This 
latter series included children only. From 
this method of deduction it would appear 
that for about 30 per cent of patients with 
bronchiectasis there is at present no hope 
of cure. This further emphasizes the neces- 
sity of prevention. 

This discussion of treatment has been 
based upon the generally accepted concept 
that bronchiectasis is a progressive and ir- 
reversible disease. No consideration has 
been given to the condition referred to by 
a number of writers under the name of 
pseudobronchiectasis (Jackson) and rever- 
sible bronchiectasis (Lander and David- 
son,'* Fleischner"). If it can be established 
that the condition mentioned is definitely 
clinical bronchiectasis then our entire con- 
cept of the disease must be revised. It 
would no longer be proper to refer to bron- 
chiectasis as irreversible; spontaneous, 
medical, bronchoscopic and even radiation 
cures could be expected and the postpone- 
ment of surgical treatment would appear 
more justifiable. In the present state of our 
knowledge of this condition the term 
“‘pseudobronchiectasis” would appear quite 
appropriate. 

With this consideration of treatment, we 
have before us the full life story of bron- 
chiectasis. With this knowledge of the dis- 
ease, its importance can be more readily 
appreciated. There is little wonder that 
many have come to regard bronchiectasis 
as one of the really important diseases of 
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the respiratory tract. It is rapidly assuming 
an importance equal to that of tuberculosis. 
While the latter disease is now fairly well 
understood, its methods of propagation 
known, its detection and recognition rela- 
tively simple and, what is more impor- 
tant, and methods of treatment now so per- 
fected that there is a steady decline in the 
mortality rate, it can be hoped that this 
disease soon will be definitely under con- 
trol. This is not true of bronchiectasis, 
however. There is yet much to be learned, 
and until our knowledge of bronchiectasis 
is more complete, not too much can be 
hoped for from our present methods of 
combatting it. It is for this reason that the 
prevention of bronchiectasis is of such vital 
importance. 


PREVENTION OF BRONCHIECTASIS 


Measures for the prevention of bronchi- 
ectasis must be based upon a knowledge of 
its etiology. Thus in discussing prevention 
a review of the etiological factors concerned 
becomes essential. 

Obviously nothing can be done to pre- 
vent the cases of congenital bronchiectasis. 
However, since these cases are so few in 
number their clinical significance is rela- 
tively negligible. 

In the acquired form of bronchiectasis, 
bronchial infection stands first and fore- 
most among the causes of this condition. 
This is particularly true in children. Here 
the laity, particularly mothers, must be 
made conscious of the seriousness of the 
common cold and must be educated in the 
modern methods of cold prevention as far 
as this is possible. There must be main- 
tenance of child health at the peak of 
perfection by proper nutrition, with in- 
clusion of all essential food elements and 
with special consideration of the various 
vitamins. There must be insistence upon 
the proper amount of food, rest and 
sleep, the avoidance of overfatigue, ade- 
quate fresh air and sunshine, proper pro- 
tection against inclement weather and 
the avoidance of contact with those suf- 
fering from acute respiratory tract infec- 
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tions. Children with colds should be kept 
away from school. The prompt attention 
and proper treatment of the common cold 
by parent and physician will minimize the 
likelihood of the development of broncho- 
pneumonia. Such education is the responsi- 
bility of every practitioner called upon to 
treat children. The utilization of women’s 
clubs and parent-teachers associations can 
serve as vehicles for this educational pro- 
gram. 

Since the onset of bronchiectasis is so 
frequently attributed to an attack of in- 
fluenza, measles or whooping cough, the 
physician should take every precaution to 
prevent or to minimize bronchopneumonia 
occurring as a complication. A more pro- 
longed or more guarded convalescence 
in these diseases may aid materially in such 
prevention. Parents too often fail to appre- 
ciate the significance of these diseases of 
childhood and do not heed the warning of 
the physician concerning complications. 
Strict adherence to the treatment pre- 
scribed must be insisted upon by the at- 
tending physician. 

While lobar pneumonia may not be one 
of the most common causes of bronchiecta- 
sis, this possibility occurs with sufficient 
frequency to demand the attention of the 
clinician. Incomplete resolution of the 
pneumonic consolidation is far more com- 
mon than the average physician appreci- 
ates. The roentgenologist has ample oppor- 
tunity to be familiar with this fact. In 
those institutions in which cases of pneu- 
monia are closely followed by serial roent- 
genograms of the chest, the roentgenologist 
has become impressed with the manner in 
which the roentgen signs of pneumonia lag 
behind the physical signs. Clinically, the 
patient may have made a complete re- 
covery, is without physical signs or symp- 
toms and yet on the roentgenogram there 
remains evidence that resolution is not yet 
complete. It is usually at this stage that 
the patient is discharged from” ithe hospital. 
Presumably these residual roentgen mani- 
festations disappear in the vast majority 
of cases. Undoubtedly, however, many of 


Prevention of Bronchiectasis 


399 


these patients return years later with a 
well established bronchiectasis at the site 
of the former pneumonia. This accounts for 
many of the unilateral cases of bronchiec- 
tasis. The prophylactic measure here indi- 
cated is quite obvious. In all cases of 
pneumonia of any variety, if the lungs are 
not clear when the patient is discharged 
from the hospital he should be required to 
return for subsequent roentgen studies. If 
the abnormal signs persist, a bronchoscopic 
examination should be made and treatment 
instituted as indicated. In this manner 
many cases of bronchiectasis could be pre- 
vented. 

It is realized that the majority of pa- 
tients with pneumonia are treated at home 
without the benefit of roentgen studies. As 
soon as such patients become ambulatory 
they should be referred for a roentgen ex- 
amination of the chest. It is surprising the 
amount of pulmonary disease that would 
be revealed if such a procedure were 
adopted as a routine in every case of pneu- 
monia. Not only would a certain amount of 
bronchiectasis be prevented but other un- 
suspected and serious pulmonary lesions 
would come to light such as tuberculosis 
and bronchogenic cancer which were di- 
rectly responsible for or erroneously diag- 
nosed as pneumonia. Also early cases of 
bronchiectasis itself would be detected in 
time to prevent the serious consequences of 
this disease. 

The argument is valid that many cases 
of lobar pneumonia in adults are the result 
rather than the cause of bronchiectasis. 
This point is often missed by the clinician 
in treating pneumonia. If roentgen studies 
were continued in all cases of pneumonia 
until the lungs were clear, these unsus- 
pected cases of bronchiectasis responsible 
for attacks of pneumonia would be re- 
vealed and immediate treatment could be 
started rather than postponing such ther- 
apy until the diagnosis of bronchiectasis is 
all too obvious. When a patient with 
pneumonia gives a history of having had 
three or four previous attacks, one can be 
certain that there is some local cause for 
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this recurrence. All such cases should cer- 
tainly be followed after recovery from an 
attack of pneumonia. Many such patients 
will be found to harbor an unrecognized 
bronchiectasis. 

Regardless of one’s opinion as to the re- 
lationship of infections of the paranasal 
sinuses and bronchiectasis, certainly the 
patient should be given the benefit of the 
doubt and the disease in the sinuses eradi- 
cated if possible. It should be constantly 
borne in mind that in every acute respira- 
tory tract infection, every part of this tract 
is involved even though the symptoms are 
limited specifically to the lungs, trachea or 
pharynx. It should be remembered that the 
sinuses are almost certainly involved and 
some attention should be given to them. 
This is advice fraught with some danger 
since the sinuses will not tolerate too en- 
thusiastic and unskilled treatment. Often 
they are best let alone, since normal 
sinuses having adequate drainage during an 
acute respiratory tract infection will usu- 
ally take care of themselves. However, the 
sinuses should not be neglected and when 
obviously involved should receive appropri- 
ate treatment. The practitioner who is not 
too sure of himself about the paranasal 
sinuses should consult a specialist. 

In a chronic sinusitis in which complete 
eradication of the disease is practically im- 
possible, measures should be taken to 
minimize the significance of the patho- 
logical changes and to prevent acute exacer- 
bations. This is usually a problem for the 
rhinologist. And particularly is it a problem 
in the so-called cases of bronchosinusitis 
which are the ones most likely to develop 
bronchiectasis. Often little can be done for 
these patients without a change in climate. 
They usually do better and often live in 
comfort in a warm, dry, equable climate 
such as is to be found in the southwestern 
part of this country. The problem is not 
merely a local one and the general health 
of the patient must be carefully considered. 

The fact that a definite relationship be- 
tween allergy and bronchiectasis has not 
been fully accepted should not deter the 
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physician from thinking of allergy in his 
connection. In patients having frequent 
respiratory tract infections, especially in 
those in whom the usual measures for com- 
batting such a predisposition have failed, 
allergy as the underlying cause should be 
considered. There are those who believe 
that the predisposition to frequent “colds” 
is always an allergic manifestation. Thus a 
consciousness of allergy and active treat- 
ment of this phenomenon when found can, 
in the present state of our knowledge, be 
regarded as measures in the prevention of 
bronchiectasis. In frank cases of hay fever 
and asthma, the measures taken to combat 
these conditions automatically act pro- 
phylactically against bronchiectasis. 
Bronchial obstruction is the other impor- 
tant factor to be considered in acquired 
bronchiectasis. Such obstruction may arise 
from something within the lumen of the 
bronchus. Foreign bodies either radiopaque 
or non-opaque, are common examples of 
this kind. All too often the inhalation of a 
foreign body is too lightly regarded by both 
the patient and his physician. The absence 
of symptoms leads to the conclusion that 
the foreign body has entered the alimentary 
tract and that nothing, therefore, need be 
done about it. After an initial period of 
gagging and coughing, a patient with a 
foreign body in a bronchus or in the pul- 
monary tissues may become symptomless. 
If neglected it is certain to give rise to infec- 
tion and usually terminates in a localized 
bronchiectasis. In every instance of foreign 
body a careful roentgen examination of the 
neck, chest and abdomen is indicated. Be- 
cause a foreign body is known to be non- 
opaque, many physicians believe that a 
roentgen study is useless. Non-opaque for- 
eign bodies, ‘as a rule, are quite readily de- 
tected in the respiratory tract and in the 
esophagus. Too many physicians are in- 
clined to belittle the importance of the 
swallowing of a foreign body and often 
roentgen studies are done upon the in- 
sistence of the patient. The roentgen ex- 
amination should be carried out as soon 
after the inhalation of the foreign body as is 
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practical. The damage done by a foreign 
body in the lung is, in a measure, dependent 
upon the duration of its sojourn and 
should therefore be removed at the earliest 
possible moment. 

The problem of foreign bodies in the 
respiratory tract is particularly important 
in the case of children. In such patients, a 
history is often lacking, due to the fact 
that in infants no one may have seen the 
child swallow a foreign body and in the 
case of older children they are often afraid 
to tell of such an incident. Such cases are 
fairly common in roentgenological practice, 
and unfortunately many such patients do 
not reach the roentgenologist for months 
or years after the aspiration of a foreign 
object. By this time a bronchiectasis has 
usually become well established. In achild 
having repeated respiratory tract infections 
or in one already showing symptoms suspi- 
cious of bronchiectasis the possibility of a 
foreign body should be considered. In such 
cases a careful roentgen study should be 
carried out and in the event of a negative 
report a bronchoscopic examination should 
be done to absolutely rule out the presence 
of a foreign body. 

In small children having persistent 
symptoms of coryza and nasal discharge a 
roentgen examination of the paranasal 
sinuses should be made. Very occasionally 
one will find a foreign body such as a bean, 
button or a wad of paper in one of the nasal 
chambers which the youngster has pushed 
up into the nose. 

Broncholiths act in much the same man- 
ner as extraneous foreign bodies in produc- 
ing bronchiectasis. So little is known re- 
garding the etiology of these calcareous de- 
posits in the lung that little or nothing can 
be said regarding their prevention. For- 
tunately broncholiths as a cause of bronchi- 
ectasis is apparently not of common oc- 
currence and the relationship, therefore, is 
of more or less academic interest. 

Occluding secretions within a bronchus 
resulting in bronchiectasis are of consider- 
able clinical importance. Probably the best 
known example of this kind is postopera- 
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tive atelectasis. Bronchial occlusion by se- 
cretions may also occur in pneumonia, 
during an attack of asthma or in the new- 
born from the aspiration of mucus or me- 
conium. While the resultant atelectasis in 
these conditions can often be suspected 
clinically, roentgen examination is usually 
required for confirmation of the diagnosis. 

Prophylactic measures for postoperative 
atelectasis are, at the same time, preven- 
tives of bronchiectasis. Frequent change in 
the position of the patient after operation, 
the avoidance of excessive sedation which 
tends to suppress the cough reflex and the 
stimulation of respiration by carbon di- 
oxide inhalations are measures which have 
been successfully used to prevent this type 
of atelectasis. If the atelectasis does not 
clear promptly bronchoscopic aspirations 
should be resorted to. 

In the presence of atelectasis due to oc- 
cluding secretions of whatever origin, 
prompt removal of the secretions by means 
of the bronchoscope should be carried out. 
When the roentgenogram in pneumonia in- 
dicates a definite atelectasis bronchoscopic 
aspirations should be considered, provided 
this procedure is not contraindicated by 
the patient’s condition. In the newborn 
direct suction by way of the upper respira- 
tory tract will usually be sufficient to dis- 
lodge the obstructing material. 

Bronchial obstruction may result from a 
lesion having its origin in the wall of the 
bronchus itself. In this category are stric- 
tures which may be either traumatic or in- 
fectious in origin. A traumatic stenosis may 
result from lodgment of a foreign body or 
from attempts at its removal. Thus great 
skill and care must be exercised in the 
bronchosopic removal of foreign bodies. 
Prevention has already been considered for 
strictures resulting from bronchial infec- 
tion. In stenosis of specific origin, such as 
occurs in tuberculosis and syphilis, the 
primary disease is usually more important 
than any complicating bronchiectasis. The 
same holds true for the extensive pul- 
monary fibrosis occurring in tuberculosis 
and pneumoconiosis. Bronchiectasis oc- 
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curring under such conditions is usually of 
secondary importance. 

We may here consider all forms of tumors 
regardless of whether they arise from the 
wall of a bronchus or press upon the 
bronchus from without. Such lesions are of 
frequent occurrence and the malignant 
varieties are increasing in incidence. There 
is, of course, no known means of preventing 
neoplasms. Much, however, can be done 
for benign adenomata which are much more 
frequent than generally supposed. Roent- 
genologically, it is not possible to distin- 
guish between the benign and malignant 
bronchial neoplasm. All such cases should 
have a biopsy taken from the tumor by the 
bronchoscopist. Often the entire tumor can 
be removed bronchoscopically with com- 
plete cure. When this cannot be done and 
the tumor is histopathologically benign a 
cure can be obtained by lobectomy. Simply 
because the vast majority of bronchial 
tumors are malignant should not lead one 
to the conclusion that all of them are malig- 
nant. Occasionally such tumors are not 
neoplasms at all but granulation tissue from 
various causes. Here again the bronchus 
can be relieved of its obstruction by the 
bronchoscopist and bronchiectasis pre- 
vented. 

Bronchial obstruction may occur as the 
result of pressure extrinsic to the bronchus 
itself. Enlarged lymph nodes usually result 
from pulmonary infections the prevention 
of which has already been discussed. Tuber- 
culosis is a common cause of hilar lymph 
node enlargements. The prophylaxis of this 
condition is common knowledge and need 
not be considered here. Enlarged lymph 
nodes of malignant origin either primary or 
secondary and those resulting from the 
various lymphoblastomata cannot be pre- 
vented. 

The prevention of bronchiectasis due to 
pulmonary fibrosis means the prevention 
of the cause of the fibrosis. The fibrosis of 
pulmonary tuberculosis has already been 
discussed. In the fibrosis of pneumoconiosis 
much has already been accomplished in the 
prevention of the inhalation of harmful 
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dusts and such efforts are being continued 
by those interested in this important pul- 
monary disease. Other types of pulmonary 
fibrosis are usually of infectious origin and 
prophylactic measures must be directed 
toward the prevention of these specific 
infections. 

Finally, under the heading of miscellane- 
ous causes of bronchiectasis are lesions of 
the pleura and of the thoracic cage. Such 
conditions are usually secondary so that 
preventive measures must be directed to- 
ward the primary condition. Since these are 
so varied and numerous and since bronchi- 
ectasis from such causes is not of frequent 
occurrence, an attempt to discuss preven- 
tion in this group of cases would serve no 
useful purpose. 

In general, it may be said that two of the 
most useful and important procedures in 
the prevention of bronchiectasis are the 
roentgen examination of the chest and the 
bronchoscopic examination. In every affec- 
tion of the respiratory tract in which symp- 
toms are persistent or do not readily re- 
spond to treatment, a roentgen examina- 
tion is indicated, including the sinuses as 
well as the chest. This will frequently reveal 
conditions which, if promptly taken care of, 
will prevent the development of bronchiec- 
tasis. This type of examination is now gen- 
erally available to everyone regardless of 
how small the community. 

More frequent use of the bronchoscope in 
persistent disease of the respiratory tract 
would do much toward preventing bronchi- 
ectasis by the early detection of those con- 
ditions known to give rise to bronchiecta- 
sis. Unfortunately this type of examination 
is not as generally available as might be 
desired. Adequately trained men in this 
specialty are still scarce. It is unwise to 
entrust a patient to a physician who has not 
been thoroughly trained in this field. It is 
far better for the practitioner to send his 
patient to one of the many clinics where ex- 
pert bronchoscopy is available. 

Finally, in the prevention of bronchiec- 
tasis an educational program for both the 
laity and the medical profession is a matter 
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of prime importance. Laymen must be told 
and impressed with possible seriousness of 
the common cold, especially in children. 
They must be taught the very simple pre- 
ventive measures available to all. They 
must have impressed upon them the neces- 
sity of seeking medical attention when suf- 
fering from repeated respiratory tract in- 
fections or when such an infection persists 
and does not readily respond to the usual 
remedies. Much can be done in the educa- 
tion of parents regarding the dangers of 
foreign bodies gaining access to the respira- 
tory and alimentary tracts. In an analysis 
of 1,135 cases of foreign body in the air and 
food passages, Jackson and Jackson’ came 
to the conclusion that carelessness was re- 
sponsible for 87 per cent of the cases. Here 
is a fertile field for education and pre- 
ventive efforts. Such educational efforts will 
fall largely to the lot of the general prac- 
titioner, the pediatrician and the otolaryn- 
gologist who see patients when the etiologi- 
cal factors of bronchiectasis are at work and 
at a stage when bronchiectasis can be pre- 
vented. 

Of greater importance at the moment is 
the education of the medical profession it- 
self. There are so many physicians who 
know so little about bronchiectasis. There 
are many others to whom the thought of 
the prevention of bronchiectasis has never 
occurred. Physicians must be disabused of 
the idea that nothing can be done to pre- 
vent bronchiectasis. A clearer knowledge of 
the entire problem of this disease, particu- 
larly its etiology and economic importance, 
will do much to arouse interest of the gen- 
eral medical profession. This educational 
program must include the roentgenologist 
because there are many such specialists 
who do not have the true concept of bron- 
chiectasis and the problem it presents. 

In this educational program the roent- 
genologist has an excellent opportunity to 
render real service. As has already been 
stated, he has an opportunity to view the 
entire life history of bronchiectasis from the 
etiological stage to the terminal events. He 
can educate his colleagues regarding many 
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of the pertinent facts of bronchiectasis, he 
can direct their attention to the possibility 
of a developing or the existence of an early 
bronchiectasis, and finally he can suggest a 
bronchoscopic examination when in_ his 
opinion this procedure is indicated. Thus, 
in the prevention of bronchiectasis, a roent- 
genologist who is conscious of and has a full 
knowledge of this disease is an asset of 
prime importance. 
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PULMONARY AND OSSEOUS MANIFESTATIONS OF 
TUBEROUS SCLEROSIS, WITH SOME REMARKS 
ON THEIR PATHOGENESIS* 


By ALFRED J. ACKERMANN, M.D. 


OKLAHOMA CITY, OKLAHOMA 


‘ protean character of tuberous 
sclerosis and other ectodermoses makes 
dificult a satisfactory comprehension of 
the pathologic process involved. The true 
nature of some manifestations encountered 
in this disease, especially in its “form 
fruste,”” may remain unrecognized by the 
clinician, and be misinterpreted by the 
roentgenologist, unless they are familiar 
with the relation of these disorders to the 
ectodermoses. It may therefore not be 
amiss to report a case studied at the Uni- 
versity Hospital, and raise some questions, 
which, then considered on a larger material, 
may throw additional light on our knowl- 
edge of this interesting syndrome. 


CASE REPORT 


V.G. (Hosp. No. 77335), white male, aged 
twenty-five, was admitted to the University 
Hospital in October, 1934, complaining of 
polyuria, nocturia, pain in the chest, back and in 
both legs. For the last two years previous to 
admission, the patient has been drinking large 
quantities of water, and correspondingly his 
urine output has averaged approximately 10 
liters daily. The patient had no headaches or 
visual disturbance. The pain in the chest was 
dull; patient coughed occasionally, but raised 
no sputum, and had no hemoptysis. The tem- 
perature was apparently normal. The pain in 
the back and legs seemed to be of muscular 
character, more intense at night and in the 
morning, with some improvement after mod- 
erate exercise. Because of definite pulmonary 
pathologic condition, revealed by roentgen ex- 
amination, the patient was for some time under 
observation in a tuberculosis sanatorium, but 
discharged without advice to continue treat- 
ment when repeated sputum examinations 
failed to reveal tubercle bacilli. 

On physical examination the patient ap- 
peared older than his age; all teeth were absent; 


no abnormal findings were elicited within the 
chest or other internal organs. The skin was 
dry, slightly atrophic, without any abnormal 
pigmentation. 

Roentgen examination of the chest showed an 
irregular honeycomb pattern, with numerous 
multangular areas of increased translucency, 
varying somewhat in size, and separated from 
each other by rather thick fibrous strands, 
which formed a nodular arrangement at points 
of their intersection. There were larger thin 
walled cystic cavities in the right lung field, 
without demonstrable fluid levels. The medias- 
tinum was free. There was no displacement of 
the cardiac shadow toward either side. 

Roentgenograms of the maxilla and mandible 
were reported to have shown a complete ab- 
sence of teeth, and marked decalcification of 
these bones, which was suggestive of disturbed 
calcium metabolism. The remainder of the 
skeleton was not examined at that time. 

After three weeks of observation the patient 
was discharged, but returned shortly thereafter, 
stating that one week after his dismissal he had 
had severe pain throughout the left chest and 
severe dyspnea. The pain has continued, and 
the patient was raising large amounts of watery 
material. 

On physical examination signs of pneumo- 
thorax and mediastinal displacement were elic- 
ited. Otherwise the patient presented the same 
features as on the previous examination. 

Roentgen examination of the chest showed 
pneumothorax of the left pleural cavity, with 
marked collapse of the left lung, and a contra- 
lateral displacement of the heart and medias- 
tinum. There were no structural changes within 
the lungs not seen on the original examination. 
A roentgen diagnosis of polycystic lung disease 
with pneumothorax subsequent to a rupture of 
one or more of the small cysts was made. 

The patient remained under clinical observa- 
tion, in the course of which the skeleton was ex- 
amined roentgenologically, and the blood chem- 
istry was studied. 


* From the X-Ray Department of the State University and Crippled Children’s Hospitals (John E. Heatley, M.D., Director) 
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Fic. 1. Both lung fields show a honeycomb pattern 
with numerous multangular areas of increased 
translucency, separated by thickened fibrous 
strands. 


Roentgenograms of the vertebral column 
showed an asymmetry of the body of the first 
lumbar vertebra, whose left lateral margin was 
slightly excavated. On the lateral view there 
was a fairly large erosion of the anterior portion 
of the vertebral body. The bone adjacent to this 
erosion was moderately sclerotic. Both verte- 
bral plates were preserved. Within both iliac 
bones there were several large, sharply defined 
areas of rarefaction, varying considerably in 
size and shape. The adjacent bone trabeculae 
were of increased density, coarse and somewhat 
irregularly arranged. The medial portion of the 
wing of the left iliac bone, near the sacroiliac 
articulation showed numerous smaller cyst-like 
areas of decreased density, with definite evi- 
dence of confluence of several of these cysts. 
There were similar areas of rarefaction within 
the right pubic bone, extending even beyond the 
cortical portion of the bone. A few fairly large 
bone spicules extended from the pubic bone to- 
ward the foramen obturatum. Both femoral 
necks and the juxtatrochanteric portions of the 
shaft showed numercus cystic areas, varying 
in size from that of a hazel nut to that of a large 
hen’s egg. Surrounding these rarefactions was 
usually a narrow zone of sclerotic bone. The 
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shafts showed slight expansion at the sites of 
the cystic cavities. The diaphyses of both femora 
showed a diffuse fibrillation of the cancellous 
bone, with some thickening of the bone trabec- 
ulae, which were fairly separated by fusiform 
areas of rarefaction. The cortex remained in- 
tact. 

The blood count showed no deviation from 
normal. The blood calcium was 9.8 mg. per 100 
cc.; phosphorus 4.2 mg., phosphates 3.56 mg. 
The nonprotein nitrogen was 35 mg., uric acid 
3-5 mg., blood sugar 80 mg., and cholesterol 
133 mg. per 100 cc. The daily amount of cal- 
cium excreted in the urine on a calcium free diet 
was $28 mg. 

In May, 1940, the patient was readmitted to 
the hospital. At this time he complained of 
polydypsia, polyuria and pain in the back and 
both lower extremities. He had no complaints 
referable to the chest. 

In addition to the findings previously men- 
tioned, there was marked muscular atrophy, 
especially of the lower extremities; flexion con- 
tracture of 10 to 15° of both thighs and flexion 
contracture of 10° of the right knee, and 20° 
of the left knee. There was some tenderness 
over the right thigh posteriorly, close to the 


Fic. 2. Pneumothorax reveals numerous smal! sub- 
pleural cysts. 
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greater trochanter. The spine showed a marked 
prominence and slight right scoliosis of the 
twelfth dorsal and first and second lumbar ver- 
tebrae. There was some tenderness over this 
segment of the spinal column. 

A re-examination of the skeleton and chest 
showed no appreciable progress of the patho- 
logical changes within this period of time. 

From the patient’s history and clinical find- 
ings, it was obvious that he presented a definite 
diabetes insipidus, polycystic lung, and a cer- 
tain form of multiple osteodystrophy. 

In absence of signs of an endocranial tumor 
over an eight year period of observation, it 
seemed safe to conclude that the diabetes in- 
sipidus was not caued by a neoplasm of the 
pituitary body. The blood chemistry did not 
support a possible diagnosis of osteitis fibrosa 
cystica due to hyperarthyroidism. The blood 
calcium and phorphorus level were found nor- 
mal. The pulmonary pathologic condition ex- 
hibited by the patient was of great interest per 
Se. 

Attempting to reduce these various clinical 
complexes to one common etiological factor, we 
considered the possibility of Schiiller-Chris- 
tian’s disease, a systemic disorder in which 
diabetes insipidus and skeletal alterations are 
the outstanding features of the disease. Al- 


Fic. 3. Basal portion of the right lung demonstrating 
the detail of the pulmonary pattern. 
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Fic. 4.. The lateral margin of the first lumbar 
vertebra is excavated, 


though involvement of the lung is extremely 
rare, there are known cases of generalized xan- 
thomatosis with miliary dissemination in the 
lungs. We were unable to find sufficient evi- 
dence to warrant this diagnosis in our case. The 
characteristic cranial defects were absent; there 
was no demonstrable disturbance of the lipoid 
metabolism. 

Tuberous sclerosis seemed to us to be the 
only disease which could explain the manifold 
symptoms presented by the patient, and ac- 
count for the patho-anatomical changes in such 
divergent organs as brain, lung and skeleton. 


According to our present conception, 
tuberous sclerosis is a form of congenital 
ectodermoses, which in addition include 
three other outstanding entities: (1) von 
Recklinghausen’s neurofibromatosis; (2) 
anginomatosis cerebri, and (3) Hippel- 
Lindau’s disease. 

A complete discussion of the clinical 
manifestations of tuberous sclerosis would 
exceed the scope of this presentation, and 
we refer to the literature on this subject. 
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Fic. 5. Lateral view of the first lumbar vertebra 
shows an erosion of the vertebral body and sclero- 
sis of bone adjacent to it. 


In fully developed cases one finds most 
frequently the following symptoms: (1) epi- 
leptic seizures (genuine or jacksonian); 
(2) mental deficiency; (3) cutaneous le- 
sions, known as adenoma sebaceum, and 
(4) congenital tumors of the eye and many 
visceral organs (rhabdomyoma, hyperneph- 
roma, renal lipomyosarcoma, tumors of 
the spleen, lymph nodes, lungs, retina and 
bones). 

Clinical manifestations of the disease, 
when fully developed, appear rather early 
and are often recognizable in infancy. The 
protean character of the disease, which may 
in some instances present only certain of 
its characteristic features, quite frequently 
precludes an early diagnosis unless one is 
aware of its symptomatology. Many pa- 
tients afflicted with this disease may pre- 
sent only abortive manifestations, which 
sometimes become apparent in the later 
decades of life. Cases in the sixth and 


seventh decades of life have been reported. 
The clinical symptoms depend on - the 
organs involved. In some cases the endo- 
cranial lesions dominate the clinical picture, 
in others the visceral tumefactions are re- 
sponsible for the patient’s complaints. 
Pathologically, tuberous sclerosis is char- 
acterized by the presence of potato-like 
tumors, varying in size from 0.5 to 3.0 cm. 
in diameter. These tumors occur most fre- 
quently in the cerebral hemispheres, al- 
though other parts of the central nervous 
system may also be involved. In the walls 
of the third and the lateral ventricles, im- 
mediately beneath the ependyma, small 
irregular projections are found, arising usu- 
ally from the thalamus. These appear as 
tiny, button-like tumors, or when larger in 
size as “candle-gutterings” (Lind) running 
from above downward and following the 
tributaries of the vein of the corpus stria- 
tum. Although macroscopically the tubera 
seem to be sharply demarcated, there is no 
abrupt transition between normal and dis- 
eased tissue, when studied microscopically. 
The microscopic alterations characteris- 
tic of tuberous sclerosis affect the pyram- 
idal cells and the glia. The pyramidal 
cells may be present in the more superficial 
layers, and granular elements may be 
scattered among the larger neurones of the 
deeper parts. The orientation of the pyram- 


Fic. 6. Numerous cystic areas within the iliac, 
ischial and pubic bones and both femora. 
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idal cells may be altered so that these 
cells assume an abnormal polarity. The 
morphological state of many of the cells is 
changed. There may. be a clumping and 
later disappearance of Nissl granules; the 
nucleus may assume a lateral position. The 
process may become thicker, and the cells 
as a whole may skrink. 

The neuroglia exhibits marked prolifera- 
tion. There is a considerable overgrowth of 
glial fibrils which are mainly of the thin 
type. The proliferation occurs primarily 
within the cortex, though it extends for 
some distance into the underlying white 
matter. One finds peculiar interlacing of the 
fibers. In the subependymal growths the 
neuroglial proliferation produces a loosely 
interlacing complex of parallel strands. The 
ependymal covering remains intact, and 


Fic. 7. Detail view of the left femur shows multiple, 
partly confluent cysts. 
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Fic. 8. Detail view of the cystic changes and 
associated sclerosis of the right femur. 


between this layer and the glial overgrowth 
is an interval occupied by loose areolar 
tissue. In the intraventricular growths the 
glial proliferation may become excessive 
and give rise to definite, macroscopically 
discernible tumors. 

Great significance has been attached to 
the giant cells within the foci of tuberous 
sclerosis. Since Harthagen’s original de- 
scription they have been noted by all 
writers concerned with this subject, and 
have caused much discussion as to their 
nature and their bearing upon the concep- 
tion of tuberous sclerosis in general. 

These cells lie typically in the depth of 
the sclerotic nodules, i.e., where the neu- 
ronic and glial changes are most intense. 
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Fic. 9. Shaft of the femur, showing fibrillation of the 
cancellous bone and fusiform areas of rarefaction. 


Both cortical and subependymal tubera 
may contain such cells, though they are 
more numerous in the former situation. 
It is important to realize that they may 
occur outside of the cerebral cortex; thus 
they appear as heterotopies in the white 
matter near the tubera. Furthermore, 
they may be demonstrable in the cortex 
away from the sclerotic regions, and they 
have also been noted in more remote por- 
tions of the nervous system such as the 
cerebellum, medulla, and spinal cord. 

Much controversy has arisen as to the 
nature of these large cells, and in particular 
as to whether they are derivatives of glial 
or nerve elements. It appears definite from 
careful histopathological studies that all 
the large cells of a particular case do not 
have the same morphological and staining 
characteristics and probably represent en- 
tirely different cells, their sole common 
feature being their large size. 
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A large cell of neuronic type and a large 
cell with glial resemblance are distin- 
guished. 

The large cells usually predominate 
slightly and are more numerous in the corti- 
cal than in the subependymal growths. 
They are well demonstrated by the ordi- 
nary nerve cell stains and particularly by 
Bielschowsky’s method. They do not react 
to glial stains. They vary in size from a 
large pyramidal cell up to that of a Betz 
ganglion cell; and when secondary changes 
occur, further distention may increase 
their bulk still more. As a rule, they occur 
in clusters of three or more and may be 
surrounded by some densification of the 
glia. They are occasionally triangular in 
outline but the larger specimens are ellipti- 
cal or even circular. 

The internal structure of these cells 
shows various abnormalities in the position 
and staining reactions of the nuclei. Con- 
siderable variability exists in the character 
of the process; sometimes they are short 
and thick, and at times a stem arises which 
quickly breaks up into finer branches. The 
neuronic character of this type of cell is 
suggested by the presence of intracellular 
fibrillary network and also of Nissl gran- 
ules. 

The large cells with glial resemblance are 
somewhat less numerous and occur more 
particularly in the ventricular nodules. 
They are also grouped in the vicinity of 
blood vessels, to the walls of which they 
may be attached. Their shape in unlike that 
of a nerve cell, being oval or circular. There 
are no intracellular fibrils or granules, and 
the processes are invisible except in silver 
stained preparations. With such methods 
the processes are displayed, sometimes re- 
calling those of a nerve cell, but at other 
times numerous short and curly processes 
radiate at intervals from the periphery. 

Histopathological studies of other or- 
gans, frequently affected by the pathologic 
process, underlying tuberous sclerosis and 
allied conditions, have been extensively re- 
ported in the medical literature. Only 
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observations regarding pulmonary and 
skeletal involvement are very scant. 

Berg and Vejlens observed 3 cases of 
tuberous sclerosis with pulmonary mani- 
festations, 2 of which occurred in members 
of the same family. One of these cases has 
been studied by them anatomo-pathologi- 
cally and we should like to quote the 
description of their findings: 


The lungs presented a unique appearance. 
They had everywhere, except laterally at the 
right tip, grown on the wall of the thorax by 
means of rather loose connective adherences. 
The free space corresponded to a pneumothorax 
cavity of the dimension of a good sized tan- 
gerine, the existence of the cavity having been 
previously proved roentgenologically. The lungs 
were large and voluminous and felt to be more 
air-cushioned than usual. The surfaces were 
dotted with small air fitted bubbles, not more 
than pea size, suggesting a bullous emphysema. 
The walls between the larger cysts often 
reached 0.5 cm. in thickness, but they contained 
a number of miniature cysts. In places the cyst 
walls were only the thickness of paper and had 
been perforated. 

Microscopically the walls of the cyst con- 
sisted to a large extent of connective tissue 
containing numerous blood vessels. But the 
most salient component was plain muscular 
tissue. This muscular tissue moreover was not, 
as in the description of cystic lung previously 
given by Buchmann and Oudendal and others, 
disposed in thin, superficially parallel layers. 
Nor did it bear resemblance to the more ir- 
regular muscular proliferations of von Steus- 
sel’s muscular cirrhosis of the lung. It had the 
unmistakable character of tumor tissue, a fact 
which differentiates the present “cystic lung” 
from all other cases described hitherto. The 
nuclei of the muscular fibers were in the main 
somewhat broader than usual. Further the con- 
tractile substance, which is stained yellow in the 
normal way by picric acid, according to van 
Gieson’s method, had not always the same regu- 
lar, narrow, fusiform shape, which is so charac- 
teristic of the smooth musculature. The muscu- 
lar fibers were often shorter and thicker and 
blunted at the ends. They are probably to be 
regarded as survivals from the embryonic stage, 
without however presenting the appearance of 
malignant tumor cells. The essential character- 


Pulmonary and Osseous Manifestations of Tuberous Sclerosis 321 


istic of this myomatous tissue was that the 
muscle fibers were joined together in inter- 
crossing bunches and clusters, precisely as in 
the case of ordinary myoma, and in the same 
way as in the tumor-like formations in the kid- 
ney, for example. The lungs presented, apart 
from the general cystic transformation, the 
aspect of a diffuse myomatosis, which must be 
considered as very closely related to the genu- 
ine tumor formation. 

It is doubtful whether the lung cysts in 
tuberous sclerosis should per se be characterized 
as malformation, and if one knows that sclero- 
tuberous alterations were established in the 
brain and the kidneys, as usual, and were also 
found in a single lymphatic gland and in the 
spleen, and if, further, due regard is paid to the 
fact that the disease is of familial character, 
then one is justified, it would seem, in holding 
that the myomatous changes in the lung tissue 
are also an expression of a general malforma- 
tional disease with a tendency towards tumor 
formation. 


Roentgen studies of these cases were re- 
ported by Berg and Zachrisson, and they 
conform with those observed in our case. 
These authors emphasized the irregu- 
lar, honeycomb-like pattern made up of 
scarcely visible to hazel nut sized translu- 
cencies, separated by fine, round striae, 
noticed in both lung fields. These markings 
seemed to become less dense at the apex, 
where the cavities were of larger size. The 
points of intersection in the honeycomb 
structure did not show any particular 
tendency to mottling, although the appear- 
ance on the whole resembled that seen in 
different forms of miliary dissemination. 

They discussed the differential charac- 
teristics between the tuberous sclerosis and 
other miliary disseminations. 

Skeletal involvement in cases of tuberous 
sclerosis has been reported by Gottlieb and 
Lavine, Kveim, and Heublein, Pendergrass 
and Widmann. 

The histopathological alterations of the 
skeleton have been described by Kveim, 
according to whom “‘in the decalcified sec- 
tions one finds cancellous bone, with thick 
bone trabeculae. The bone architecture is 
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irregular; it looks more like cartilage and 
shows a poor calcium content. Few cells 
are visible within the marrow spaces of the 
bone; instead one encounters, scattered here 
and there, diffuse, fibrous tissue, poor in 
cells. No signs of inflammation or tumor 
formation are present. From the perios- 
teum toward the bone one finds nearly 
homogeneous, hyalinized connective tissue 
clumps and masses. Though signs of in- 
flammation are absent, the marrow shows 
isolated areas, resembling osteitis fibrosa.” 

The roentgenological findings observed 
within the skeleton by these authors show 
a marked similarity. 

Gottlieb and Lavine found periosteal 
thickening and generalized fibrosis of meta- 
tarsal and metacarpal bones and their 
associated phalanges. There was also a gen- 
eralized fragmentation of the cortical lay- 
ers. Several of the bones of the hands 
showed areas of marked rarefaction, sug- 
gesting small cysts. The bones of the cra- 
nium showed a peculiar mottling, with 
indistinct islands of increased density al- 
ternating with areas of rarefaction through- 
out the bone. Both the internal and ex- 
ternal tables appeared thicker and denser 
than normal. 

Kveim reported in his cases the presence 
of similar changes affecting the cranial 
bones. The bones of the hands showed per- 
iosteal thickening, sclerosis and centrally 
located areas of rarefaction within the 
phalanges and metacarpals. The skeletal 
changes resembled those of osteitis fibrosa. 

The presence of tumors and other dis- 
orders within organs derived from the mes- 
oderm, associated with tuberous sclerosis, 
which is preéminently a disorder of the ec- 
todermal layer, caused numerous theories 
to be advanced, which attempted to place 
all these disorders on a common basis. 

Bielschowsky was of the opinion that the 
presence of cutaneous and visceral lesions 
in close association with tuberous sclerosis 
was of utmost importance. All of these al- 
terations, in his view, could and should be 
reduced to congenital, or even better, em- 
bryonal developmental disturbances. The 
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manifestations of this disturbance are not 
uniform. Whereas in one organ the element 
of developmental inhibition predominates, 
in other organs are observed enormous new 
formations, which apparently have their 
origin in a faulty blastomatous develop- 
mental tendency of some tissue compo- 
nents. These changes occur most likely in 
early embryonal life, but they do not termi- 
nate with birth. A formation of new foci 
probably does not occur in extra-uterine 
life. The preformed foci are, however, cap- 
able of further growth. 

Kveim thought that none of the ectoder. 
moses is a genuine neoplasm, but that the 
condition is due to anomalies of fetal differ- 
entiation, so-called ‘“embryo-plasmatic 
dysplasias,” which chiefly attack the ec- 
toderm—first and foremost the neural 
plate—at a very early stage. Kveim also 
considered a possible genetic connection 
with Recklinghausen’s neurofibromatosis, 
in which he assumed that there also exists 
a fetal dysplasia of the ectoderm-meso- 
derm (the neural plate?). While the cell 
elements affected here are essentially those 
which form the origin of the sheaths of 
Schwann, so that neurinomas are localized 
in the peripheral nervous system (“‘spongi- 
oblastosis peripherica’’), the cell elements 
chiefly impaired by tuberous sclerosis are 
those which in the fully grown individual 
are localized in the central nervous system 
(“‘spongioblastosis centralis”). Kveim ex- 
plained the occurrence of tumors derived 
from mesodermal structures on the basis of 
polyvalent possibilities of differentiation 
of all cells at a very early stage of fetal life. 
The connective tissue elements may there- 
fore be looked upon as originating from the 
same cell elements as the epithelial part of 
the tumor. The dysplastic cells are char- 
acterized by retarded differentiation. 

With regard to the multifarious tumors, 
consisting partly of cells, difficult to clas- 
sify, occurring in the internal organs, de- 
rived from the mesoderm, he states that 
these have developed by the same ““embry- 
oplastic dysplasia,” certain cell elements 
having been attacked before any differen- 
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tiation of the blastula into the ectoderm 
and mesoderm has taken place. The several 
strange cell forms of these tumors may in- 
dicate also a kind of subsequent differentia- 
tion process. 

Worster-Drought, Dickson, and Mc- 
Menemey also turn to changes effected in 
early embryonal life for an explanation of 
the occurrence of ectodermal and meso- 
dermal tumors in any of the neurocutane- 
ous syndromes. They call attention to the 
experimental work of Needham, Wadding- 
ton, and their associates on the so-called 
“embryonic induction.” According to this 
hypothesis “‘evocator substances” are re- 
leased by the nerve fibers, which call forth 
normally a parallel arrangement of the 
Schwann cells and the orderly distribution 
of the adjacent mesodermal supporting tis- 
sues. Any derangement affecting the nerve 
elements (ectoderm) and, therefore, the 
evocator substance, may gravely influence 
the surrounding mesoblast, producing such 
changes as are encountered in neurofi- 
bromas, multiple meningiomas, etc. 

Gottlieb and Lavine, Kveim, and Yakov- 
lev attributed the skeletal changes to the 
developmental disorder of the mesoderm, 
and Yakovlev, in view of the accepted af- 
finity of tuberous sclerosis and neurofibro- 
matosis, considered the possibility that the 
cystic cavities within the bones may be due 
to true Schwann cells arising from the peri- 
osteal nerves, and destroying the neighbor- 
ing bone by pressure rather than invasion. 

A close study of the osseous changes in 
tuberous sclerosis reveals that they are not 
uniform. One finds bone sclerosis, perios- 
teal thickening, bone rarefaction, and cyst 
formation. Very few of the cysts could be 
classified as of subperiosteal origin, and one 
does not find the sharp line of demarcation 
usually associated with pressure erosion. 

The histopathological changes, resem- 
bling those of osteitis fibrosa cystica, do not 
contribute to our understanding of them, 
since this histopathological picture is a too 
frequent response of bone marrow to differ- 
ent damages and stimuli. It may occur in 
a number of essentially different bone dis- 
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eases, such as inflammatory, neoplastic, 
metabolic and simple mechanical disturb- 
ances, so that the histopathological diag- 
nosis of osteitis fibrosa quite often may, in 
the special case, be more obscuring than 
revealing. In a great number of cases, it is 
only a symptomatic and not a nosologic 
diagnosis. 

The pathogenesis of the skeletal changes 
in tuberous sclerosis, and possibly also in 
neurofibromatosis, may perhaps be better 
understood if one associates them with 
those in the central nervous system and 
sees in them an expression of physiopatho- 
logical disturbance rather than of em- 
bryonal tissue dysplasia. 

The cases exhibiting skeletal changes 
showed the tubera to be located in the floor 
of the lateral ventricles and within the 
third ventricle. In other words, the lesions 
involved the thalamic and hypothalamic 
area of the brain. We may also assume that 
in our case the diabetes insipidus was due 
to involvement of this area. 

The significance of the hypothalamus in 
skeletal disorders has recently been empha- 
sized by Lichtwitz, who in a discussion of 
bone pathology of hypothalamic origin 
states: 


Although no case has been reported in which 
such a central nervous lesion [destructive 
processes in the hypothalamus] produced pre- 
cocious sex maturation and cystic osteopathy 
simultaneously, there is sufficient evidence to 
prove that bone disorders develop following 
encephalitis. ... The history of a man, who 
at the age of a fell ill with a grippe which was 
characterized by sleep inversion, is of particular 
interest in this connection. After the illness, he 
developed the following features: diabetes mel- 
litus, hepatosplenomegaly, atrophy of the 
gonads, arthritis and a generalized osteoporosis 
with many large cysts in both humeri and 
femurs. . . . Spontaneous fractures occurred re- 
peatedly. For the last 2 years the bone disorder 
has remained stationary. A blood chemistry 
at this time showed 10.6 milligrams per cent 
calcium and 2.0 phosphorus... . 

In this case a hypothalamic lesion brought on 
—beside other disorders—cystic bone dis- 
As regards the parathyrotropic hor- 
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mone, increased or diminished production may 
follow a central nervous disorder. Thus, hy- 
pophysectomy in dogs and rats is followed by 
regressive changes in the parathyroids (P. E. 
Smith, S. Koster and A. Geesink) and in the 
toad leads to hypocalcemia (H. A. Shapiro and 
H. Zwarenstein). These facts throw light on the 
following observations: A woman, §2 years of 
age, with long-standing diabetes insipidus, de- 
veloped signs of Simmonds’ disease and a hy- 
pocalcemic tetany; a man, 38 years of age, 
having suffered repeated head injuries by beat- 
ing, developed a chronic brain lesion, revealed 
by pneumencepahlography as atrophy and hy- 
pocalcemic tetany. 

The cases of precocious puberty with oste- 
opathy lack all evidence of an increased produc- 
tion of parathyrotropic hormone and of para- 
thyroid hyperactivity. There seems no other 
way in which to interpret their mechanism than 
to assume that the hypothalamic lesion, while 
provoking other phenomena via the anterior 
pituitary, increases the sensitivity to the nor- 
mally produced parathyroid hormone. 

The influences emanating from the central 
nervous system and particularly from the hy- 
pothalamus determine the hypersensitivity as 
well as the resistance of the effector organs. If 
a pathologically increased quantity of hormone 
is taken up by more susceptible, but dimension- 
ally limited areas of the bony substance, a 
stormy reaction will set in, with large amount 
of lime salts released and with vehement local 
changes, which lead to the development of 
‘brown tumors’. When the same quantity of 
hormone is distributed over the entire skeleton 
the resultant pathologic changes will develop 
more slowly, and will be less intense. ... In 
analyzing the findings one must consider that 
the osteopathy, irrespective of whether the 
disease leads to cyst formation or to generalized 
osteoporosis, does not, as a rule, advance stead- 
ily. There are periods during which the cystic 
osteopathy is arrested and remains stationary, 
so that at times the blood calcium level is found 
to be normal or only slightly elevated. 


Perhaps not the neuro-endocrine factor 
alone may be responsible for the bone 
changes, which resemble somewhat those 
described by Freund in osteodystrophia 
fibrosa unilateralis. 

Freund refers in his article to the experi- 
mental work of Bentzon and concludes that 
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these skeletal changes may be due to a dis- 
turbance in the innervation of the vessels. 
They would then represent a reaction to ac- 
tive hyperemia of bone tissue. The hyper- 
emia is due to anomalies in the vegetative 
nervous system, followed by paresis of the 
muscles of the vessels with vascular dilata- 
tion. It may well be that the neurovascular 
changes play an important part in produc 
ing fibrous dystrophies of bone. 

The consideration of the pathophysio- 
logical aspect rather than the anatomo- 
pathological aspect alone seems to us to be 
of great importance. We so often look upon 
the mature skeleton as a static organ and 
lose sight of the anabolic and catabolic 
processes taking place within the bones. 
These processes are dependent upon neuro- 
endocrine and neurovascular influences 
through a mechanism of mutual correla- 
tion. The activity of the parathyroid 
glands is controlled by the parathyrotropic 
hormone, the production and discharge of 
which is linked to the metabolism of cal- 
cium and phosphates. The parathyrotropic 
hormone does not seem to be released di- 
rectly, but is stimulated through the hy- 
pothalamic center, which is specifically 
sensitive to calcium and phosphate concen- 
trations. On the other hand, a lesion within 
the hypothalamus may increase the tissue 
sensitivity to normally produced parathy- 
roid hormone. If anomalies of the vegeta- 
tive nervous system cause also paresis of 
the muscles of the vessels and vascular dila- 
tation, then the metabolic process within 
the bone is even more impaired. As a result 
of these abnormal functional phenomena, 
the bones show marked alterations of their 
anatomical structure. Because of the his- 
topathological picture of fibrosis, they are 
classified as fibrodystrophies. 

We have presented these views regarding 
bone changes in tuberous sclerosis because 
they offer a functional explanation of the 
involved process, and may form an impor- 
tant link in the understanding of other 
bone dysplasias in which one does not find 
an obvious disturbance of the metabolism 
of calcium and phosphates. Whether or not 
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this conception can be sustained will de- 
pend largely on observations made on a 
larger material of the same type. 

Concerning the pulmonary alterations we 
are unable to offer any original views, and 
hold with the other authors that they are 
an inherent manifestation of the basic dis- 
order underlying tuberous sclerosis, i.e., an 
expression of an “embryoplasmatic dys- 
plasia.” 

SUMMARY 


1. A case of tuberous sclerosis with asso- 
ciated pulmonary and skeletal changes has 
been presented. 

2. The polycystic lung disease is con- 
sidered to be an expression of ‘“‘embryo- 
plasmatic dysplasia.” 

3. The osseous manifestations may rep- 
resent functional alterations due to neuro- 
endocrine and neurovascular disorders, 
caused by the involvement of the hypo- 
thalamus and the vegetative nervous sys- 
tem. 
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A NEW CHOLECYSTOGRAPHIC PREPARATION 


By H. C. OCHSNER, M.D.* 


INDIANAPOLIS, INDIANA 


A RESUME has been made of the results 
of 300 consecutive cholecystographic 
studies made during a period of three 
months, using a new contrast medium. The 
preparation, beta (4-hydroxy-3,5 diiodo- 
phenyl) alpha phenyl propionic acid, i 
supplied in tablet form and its administra- 
tion is consequently simpler than that of 
tetraiodophenolphthalein. I have been par- 
ticularly interested in the reactions experi- 
enced by patients who have taken this 
preparation and am firmly convinced that 
toxic reactions are less frequent and severe 
than with other contrast media; this with- 
out sacrifice of accuracy. 

One hundred and sixty-nine, or 56 per 
cent, of the patients examined noted abso- 
lutely no untoward effects, and an addi- 
tional 58 experienced slight reactions, mak- 
ing a total of 227, or 7o per cent, who had 
slight or no symptoms of toxicity. Reaction 
was moderate in 60, or 20 per cent, of the 
patients and severe in only 13, or 4 per 
cent. 

Although nausea occurred in 70, or 26 
per cent, of all cases, it was mild in 52, or 
two-thirds of this group. Nausea was asso- 
ciated with vomiting in only 8 patients, or 
less than 10 per cent of the group in which it 
occurred. In other instances, there was as- 
sociated diarrhea, abdominal pain, pain on 
urination, or both. Diarrhea occurred in 46, 
or 15 per cent, of the total group; in most 
cases it was of slight or moderate severity. 
Abdominal pain was a complaint of 28, or 
9 per cent, of the patients studied; it was 
severe in only 2 2 instances. Sixteen, or 5 per 
cent, of the patients complained of pain in 
the bladder area or pain on urination; this 
was slight in 5, moderate in 10, and severe 
in only one. 

There was excellent, good or fair visuali- 
zation in 201, or 67 per cent, of the total 
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group and, of these, stones were demon- 
strated in 19, or 9 per cent. There was poor 
visualization in 93, or 31 per cent, of the 
total; stones were demonstrated in 39, or 
42 per cent, of this number. 

That intolerance to the medium was not 
the cause of the failure of satisfactory 
visualization of the gallbladder would ap- 
pear to be proved by the fact that fewer 
reactions occurred in the poorly functioning 
or non-functioning group than in the group 
in which satisfactory visualization was ob- 
tained. Reactions were more severe in the 
patients who had demonstrable stones. In 
the normally functioning group without 
stones, 33 per cent of the patients had reac- 
tions of moderate or marked severity, 
while in the same group with stones, 47 per 
cent of the patients had reactions which 
were moderate or marked. In the non- 
functioning group without stones, only 
7 per cent of the patients experienced 
moderate or severe reactions, while of 
this group in which stones were demon- 
strated, 23 per cent had similarly severe 
reactions. 

Only 23 of these patients have been sub- 
jected to surgery but no error occurred 
which could be attributed to the method. 
In this series there has been. no instance in 
which operation has been performed in a 
patient with “normally functioning gall- 
bladder without stones.” In 3 instances, in 
which diagnosis was made of ‘ ‘normally 
functioning gallbladder with stones,” path- 
ological findings were cholecystitis with 
stones. Two patients were explored who 
had “poorly functioning” gallbladders 
without demonstrable stones and in each 
chronic cholecystitis with stones was found. 
Diagnosis of “‘poorly functioning gallblad- 
der with stones” was confirmed in 4 in- 
stances; evidence of cholecystitis was 
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found, and stones were demonstrated. The 
accuracy of the diagnosis of “‘non-function- 
ing” gallbladder was established in 14 pa- 
tients. There was only 1 error and this 
cannot be attributed to the method. In the 
absence of a visualized gallbladder in this 
case, diagnosis of the presence of a small 
stone was incorrect but there was definite 
evidence of chronic cholecystitis. In 6 of 
the 7 patients who had “non-functioning” 
gallbladders in which stones were not 
demonstrated roentgenographically, stones 
were found by the surgeon. In each of 7 
others with roentgenographically demon- 
strable stones, this finding was corroborated 
surgically. 


Ge 


A New Cholecystographic Preparation 


SUMMARY 


Priodax (Schering), beta (4-hydroxy-3,5- 
diiodopheny]) alpha phenyl propionic acid, 
a new preparation for cholecystography, 
has proved to offer many advantages over 
preparations previously in use. It is reliable, 
easy to take and produces fewer reactions 
than other cholecystographic media we 
have used. There is little or no residue of 
the medication in the bowel, because this 
substance is excreted largely through the 
kidneys, and this eliminates bowel shadows 
which are sometimes confusing. The gall- 
bladder visualization which is produced is 
of ideal density to permit the demonstra- 
tion of stones if they are present. 
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CHOLECYSTOGRAPHIC STUDIES WITH PRIODAX 


By MAX DANNENBERG, M.D. 
Roentgenologist, Beth-El Hospital 
BROOKLYN, NEW YORK 


HE discovery and development of 

cholecystography by Graham and his 
coworkers have been largely responsible for 
the great advances made in the study of 
the function and diseases of the gallbladder. 
Today the technique of roentgenologic 
examination of the gallbladder has been 
fairly well standardized. 

The cholecystographic products on the 
market up to now have all been basically 
the sodium salt of tetraiodophenolphthalein 
under various trade names. It was first ad- 
ministered only by the intravenous route. 
However, because of the large number of 
severe reactions, Graham and his col- 
leagues began to experiment with the oral 


method. Nausea and vomiting occurred toa 
lesser degree. If the patient vomited or a 
shadow of the gallbladder was not pro- 
duced, the findings were confirmed both 
orally and intravenously. The oral method 
is the one of choice because of the con- 
venience, both to the doctor and patient, 
the greater safety and the decreased num- 
ber of reactions. The results approximate 
the accuracy of the intravenous method, as 
noted by Beilin and Carlson,! Kirklin,* and 
Robinson.*® 

Although the number of toxic reactions 
with sodium tetraiodophenolphthalein is 
considerably less by the oral method than 
by the intravenous, they occur often enough 


Fic. 1. F.F. Good concentration of contrast medium Fic. 2. J.S. Good concentration within the gall- 


within the gallbladder. Note absence of the me- 


dium in the colon. 


bladder. Oblique view throwing the gas shadows 
away from the fundus. 
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Fic. 3. D.T. Weight, 269 lb. Double dose of priodax. * 


Good trati ithin the gallbladder. 
ne ee Fic. 5. Good concentration within the gallbladder. 


Note absence of contrast medium within the colon, 


to interfere with the efficacy of this drug. Homogeneity of shadow. 


As we all know, the sodium salt of iodo- 
phenolphthalein is poorly tolerated by 
many patients. Severe reactions of vomit- 
ing, diarrhea and abdominal cramps are 
often experienced. Golden,? Levyn, Aaron,* 
and others, attempted to prevent gastro- 
intestinal reactions by the use of fruit 
juices, alkalies and paregoric before the ad- 
ministration of the drug. The toxicity’ of 
the halogenated phenolphthaleins is due 
chiefly to the phenolphthalein part of the 
molecule. In addition to the toxicity, the 
laxative action of the phenolphthalein 


Fic. 6. Medium sized gallbladder. Absence of con- 
trast medium in the colon aids in identifying the 
Fic. 4. Good concentration and normal visualization, gallbladder. 
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Fic. 9. Fatty meal. The small, faceted, vacuolated 
Fic. 7. Good concentration and even density of the enbareey ee! visualized. There is a moderate 
gallbladder. There is a constriction in the mid.  °¥@C¥ation of the contrast medium. 
portion of the fundus. Operative findings: Peri- 


cholecystic adhesions with a kink in the middle of 
the fundus. 


Fic. 8. Medium sized gallbladder of good concentra- Fic. 10. Medium sized gallbladder of fair concentra- 


tion. There are numerous small, faceted, vacu- tion. There are vacuolated areas in the region of 
, olatedareaswhicharecharacteristic of cholelithiasis. fundus, 
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radical has added to the difficulties in the 
use of these preparations. 

For the past year, I have administered a 
new drug with which these major objec- 
tions have been largely overcome. This 
drug is beta-(3,5-diiodo-4-hydroxypheny]} 
alpha phenol propionic acid, known under 
the trade name of priodax.* This new sub- 
stance has no phenolphthalein radical in its 
composition and is totally unrelated to it. 
Priodax contains §2 per cent iodine, in firm 
combination, which absorbs roentgen rays 
strongly, but with no danger of dissocia- 
tion, and therefore no possibility of iodism. 
It is a light, cream-colored powder and is 
practically tasteless. This new contrast 
medium is administered in tablets which 
may be swallowed or dissolved in water. 

Priodax is easy to take and is well tol- 
erated. With the elimination of the phenol- 
phthalein radical, certain disadvantages of 


* Made by. the Schering Corporation. 


Fic. 11. Oblique view of the same case as Figure 10 
shows the vacuolated areas to be within the fundus 
and are characteristic of calculi, 


Fic. 12. Numerous vacuolated, nucleated, calcified 
shadows within the fundus. Operative findings 
March 18, 1943, cholelithiasis and large stone in 
cystic duct. 


the old gallbladder dyes have been re- 
moved. One of the major advantages is the 
avoidance of any laxative action. The lax- 
ative effect of sodium _tetraiodophenol- 
phthalein is not only objectionable be- 
cause of the inconvenience to the patient, 
but also because of the resultant decreased 
absorbability of the compound. Animal 
toxicity studies by Modell* showed no dele- 
terious effects on the kidneys or liver. In 
addition to having no laxative action, prio- 
dax causes no severe gastrointestinal reac- 
tions. Vomiting rarely occurs, with the re- 
sult that none of the drug is lost to lower its 
effectiveness. 

In our series of 143 cases, there was 3 per 
cent of vomiting and negligible intestinal 
symptoms. It was evident that the absorp- 
tion of the dye was satisfactory by the 
great percentage of good fillings and ho- 
mogeneous shadows (Table 1). 

There were no contrast-filled gas shad- 
ows obscuring the fundus of the gall- 
bladder. The superimposed contrast-filled 
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Fic. 13. 1.S. Weight, 200 lb. Double priodax. Oblique 
view shows medium sized gallbladder of good con- 
centration. Vacuolated areas within the fundus 
which are characteristic of cholelithiasis. 


intestinal shadows are seldom seen and the 
gallbladder can be easily identified. 

The fact that priodax is taken orally 
eliminates many of the disadvantages of 
intravenous administration. For years, a 
drug has been sought which would be safe 
and at the same time effective when given 
by mouth. From my experience with prio- 
dax, it seems apparent that this new sub- 
stance fulfills these requirements well. The 
use of a contrast medium intravenously has 
proved too toxic in many instances. Be- 
sides the toxicity, the possibility of pro- 
ducing thrombosis of the vein or necrosis 
of the perivascular tissues by accidental 
infiltration has always been a danger with 
intravenous administration. With priodax, 
we have a substance which is relatively 
free from side effects, conveniently and 
simply administered, and which produces 
excellent roentgenographic shadows. 


Max Dannenberg 
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TECHNIQUE 


(1) The control roentgenogram is taken prior 
to the ingestion of the contrast medium. 

(2) The patient is given a carbohydrate 
lunch. 

(3) Six tablets (0.5 gm. priodax) are dis- 
solved in one-fourth glass of water and one- 
fourth glass of fruit juice and then swallowed. 
The tablets may also be swallowed whole at ten 
minute intervals. 

(4) No supper is taken. 

(5) No breakfast is taken. 


Taste I 
CHOLECYSTOGRAPHIC STUDIES WITH PRIODAX 

Total cases 143 

Females 104 

Age 20-30 12 

31-40 33 

41-50 31 

51-60 14 

61-70 8 

Age not stated 6 

Males 39 

Age 10-20 2 

21-30 6 

31-40 11 

41-50 7 

51-60 12 

61~70 I 

Age not stated ° 
Method of Administration 

Swallowed whole 22 


Dissolved in water 121 
with fruit juice 


added 
Degree of Visualization 
Good 101 
Fair 11 
Poor or none 31 
Side Effects 
Nausea 24 7 slight 
Diarrhea 33 3 slight 
Vomiting 3 
Burning or painon 24 _~ 13 slight 
urination 
males 14 
females 10 
Griping 29 «6:13. slight__ 2 epigastric 
Headache 2 
Burning in throat 6- 
Belching 2 
Bitter taste 2 
“Greasy” taste I 
Pain in back I 
Severe reactions ° 
No reactions 9 
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(6) The cholecystograms are taken fifteen 
hours after the oral ingestion and also after a 
fatty meal. 

(7) If there are any gas shadows, an oblique 
view is always taken to throw the colon away 
from the fundus. This view is very valuable be- 
cause gas shadows may be mistaken for calculi 
and also because small intrinsic calculi may be 
obscured by the colon. This is time saving and 
preferable to the use of the pressor agents, as 
advised by some. 


Fic. 14. Medium sized gallbladder of good concen- 
tration. Many vacuolated, faceted shadows within 
the fundus which are characteristic of cholelithia- 
sis. 


In our series the concentration of fair 
and good was over 85 per cent. The assur- 
ance of good concentration and certainty 
of identifying the gallbladder simplify the 
examination and conserve time. The clear, 
definite gallbladder shadows produced show 
the high rate of excretion through the liver. 
Optimal contrast density occurs in thirteen 
to fifteen hours. The clarity and distinct- 
ness of the gallbladder shadows with the 
use of priodax permit reliable diagnostic 
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Fic. 15. Medium sized gallbladder of good concen- 
tration. Numerous ovoid, faceted, vacuolated 
shadows within the fundus. A constriction in the 
proximal portion is probably ascribable to peri- 
cholecystic adhesions. 


Fic. 16. Numerous sharply defined, vacuolated shad- 
ows within the fundus which are characteristic 
of cholelithiasis. Operative findings, September 
16, 1942, confirm cholelithiasis. 
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Fic. 18. Medium sized gallbladder with numerous 
vacuolated areas within the fundus which are 
characteristic of lithiasis. 
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Fic. 17. Medium sized gallbladder of good concen- 
tration. There are several vacuolated, ovoid areas 
filling the fundus. Gas in the colon is thrown away 
from the gallbladder shadows. Gas in the hepatic 
flexure is thrown away in this view clearing the 
fundus. Operative findings: November 27, 1942, 
cholelithiasis. 


Fic. 19. Medium sized gallbladder with several well 
delineated, ovoid, vacuolated areas filling the 
fundus. Oblique view clears gas in the hepatic 
flexure away from the fundus. 


differentiation between the visualized nor- 
mal gallbladder and the non-visualized 
pathological gallbladder. At the same time, 
in cases of cholelithiasis, the shadows are 
light enough to permit good contrast with 
gallstones. This is of diagnostic value since 
too dense shadows may lead to errors by the 
masking of gallstones of the millet seed 
type. 
SUMMARY 

(1) The new contrast medium, priodax, 
is easy to take. | 

(2) There is a low incidence of vomiting, 
diarrhea and abdominal irritative reac- 
tions. 
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(3) There is a concentration of the con- 
trast medium in a high percentage of 
cases. 

(4) There are no obscuring contrast- 
filled intestinal shadows. 

(5) No repeat examination is necessary. 

(6) No alkalies, drugs, pressor agents or 
paregoric are necessary. 


1464 Eastern Parkway 
Brooklyn, New York 
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CALCIFICATIONS OF THE SPLEEN 


By EDWIN F. GRAY, M.D.* 
FLINT, MICHIGAN 


ERATIONS of the spleen are 
occasionally encountered during roent- 
genographic examination of the abdomen 
or during necropsy. The literature contains 
numerous articles pertaining to this sub- 
ject, and in view of the controversial nature 
of the reports of the etiology, this investiga- 
tion was conducted in an effort to bring 
forth additional facts. 
LITERATURE 

The type of calcification most frequently 
reported is the small, multiple form, some- 
times described as the miliary type. The 
first report was made by Mitchell*’ in 1919. 
Koppenstein* (1927) presented 8 case re- 
ports and maintained that they were due to 
calcified venous thrombi (phleboliths). 
However, he did not have microscopic 
proof in any of the cases. Courtin and 
Duken” reported 3 pediatric cases, thought 
to be of tuberculous origin, as there was 
demonstrable tuberculosis in other parts of 
the body. In one instance, they noted pro- 
gressive calcium deposition in the spleen on 
a series of roentgenograms. Courtin and 
Duken stated that the cases reported by 
Koppenstein were similar to theirs and, as 
tuberculosis was present in other parts of 
the body, they should be considered tuber- 
culous. Hellgren* observed the develop- 
ment of small calcified areas in the spleen 
of a child. Sweany® stated that 24.6 per 
cent of the patients who died of tuberculo- 
sis in the Chicago Municipal Tuberculosis 
Sanatorium had roentgenographic evidence 
of calcifications in the spleen. Sweany and 
Martinsen® reported 2 cases of calcified 
tuberculosis of the spleen confirmed by 
necropsy. In 1 case Spitz®® based the diag- 
nosis on the associated finding of renal 
tuberculosis and calcified pulmonary tuber- 
culosis. Barsony and Schiitz* reported 


phleboliths in 4 per cent of 180 spleens stud- 
ied by roentgen examination and confirmed 
by microscopy. Berman‘ reported 18 cases, 
encountered during routine roentgenog- 
raphy of the abdomen. He considered the 
etiological factors of these cases to be: 
phleboliths, 11; questionable tuberculosis, 
4; and doubtful 3. The 4 cases of question- 
able etiology were so considered because 
tuberculous lesions were found in other 
parts of the body. During routine roent- 
genography of 350 patients, Rudisill*’ dis- 
covered 4 instances of miliary splenic 
calcifications which he believed to be phle- 
boliths, but offered no pathological proof. 
Henke and Lubarsch* discussed calcifica- 
tion of venous thrombi and presented as an 
illustration a case with many nodules. 
Moorman* reported § cases, 1 of which in- 
cluded necropsy findings. In 1 instance, 
fifty-six calcified nodules were found, while 
in another, there was associated calcifica- 
tion of the splenic artery. Dickson’ re- 
ported 3 cases diagnosed as tuberculosis. In 
a pathological and roentgenological study 
of the evolution of calcified lesions (prin- 
cipally of the spleen) Sweany**:™ conducted 
a study on a series of 20 tuberculous cases 
consisting of 16 adults and 4 children. Of 
these lesions, 16 had corresponding ages of 
lesions in the lungs, lymph nodes and spleen; 
1 in the mesentery and spleen; 1 in the 
lungs, lymph nodes, liver and spleen; and in 
2 there was no agreement of ages of the 
respective lesions. Bachman! reported 3 in- 
stances of calcified phleboliths but after 
further study” they were proved not to be 
phleboliths. Reichle and Work* encoun- 
tered 71 spleens with calcified lesions during 
postmortem studies. Twenty guinea pigs 
were inoculated with material from the 
lesions in 14 cases. Positive “takes’’ were 
obtained in 4 animals from 3 of the cases. 


* From the Departments of Radiology of the Presbyterian Hospital and of the College of Physicians and Surgeons, Columbia Uni- 


versity, New York, New York. 
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Precautions had been taken to prevent con- 
tamination of the material, and no case 
was included if there was associated active 
miliary tuberculosis. Von Harri- 
son,?’ Hektoen and Riesman,” Brown and 
Webb,’ Camp," Teschendorf,™* and Ruh- 
nau‘ also made reports on the miliary 
type of calcification. Wydler® in 1911 pub- 
lished the results of an extensive investiga- 
tion, having demonstrated stones in ectatic 
vessels of the spleen. Jablons”* reported a 
proved case in which marble-sized calculi 
were found in ectatic, hilar branches of the 
splenic vein. Méschl** reported 2 cases which 
on roentgenographic examination had mul- 
tiple calcified areas. After reviewing the 
patients’ history and the pathological find- 
ings, they were interpreted as inflammatory 
disease with secondary necrosis followed by 
calcium deposition. Meyer* reported a case 
having multiple calcified lesions as one of 
malarial thrombosis after finding concre- 
tions in the larger trabecular veins. Big- 
nami and Secomandi' reported a case inter- 
preted as being calcified pentastomiasis. 

An entirely separate entity is that of the 
so-called primary tuberculosis which may 
be designated as such when that disease 
process may localize itself in the spleen and 
not only bring about various lesions, but 
act as a focus for dissemination of bacilli 
while the original focus may be healed en- 
tirely.® 

Shands®* and Bunch® reported instances 
of primary tuberculosis of the spleen with 
associated calcium deposition in which 
roentgenographic examination of the ab- 
domen disclosed the presence of numerous 
calcified areas in the spleen. These nodules, 
however, were larger than in the foregoing 
type, measuring about 1 cm. in diameter. 
Three of the patients were treated by 
splenectomy and the diagnosis was con- 
firmed. In 1 instance the nodule was re- 
ported to be due to an old bovine tubercu- 
lous infection. 

Calcification of an aneurysm of the 
splenic artery is usually encountered on the 
roentgenogram as a circular area of calcium 
density in the region of the splenic artery. 


Calcifications of the Spleen 


337 


Heatley”! observed 6 such cases. Tixier, e¢ 
al.® reported a case in which two saccular 
aneurysmal dilatations of the splenic artery 
were present. Seids and Hauser? reported 
the case of a patient having a palpable mass 
associated with a g cm. calcified area medial 
to the spleen and interpreted as being a cal- 
cified aneurysm of the splenic artery. Is- 
raeleski,?? Safwenberg,*® Sperling, Hég- 
ler,> and Lindboe* reported instances of 
calcified aneurysm which were proved at 
operation or necropsy. 

Intracapsular hemorrhage with subse- 
quent calcium deposition was reported by 
Mount, Mount and Hunter,*® in which in- 
stance a female, aged forty-four, was found 
by roentgenographic examination to havea 
large area of calcium density in the splenic 
region. Her history pointed to an automo- 
bile accident three years previously, at 
which time moderately severe pain was 
present in the left upper quadrant of the 
abdomen. By ruling out other etiologic fac- 
tors, they concluded that, at the time of the 
injury, intracapsular hemorrhage occurred 
and was followed by calcium deposition. 

Calcified hemangioma or lymphangioma 
has been described by Ernst, Bowen, Rug- 
gers, Wakeley, Hulten and Cowen. Ponzio“ 
describes such a case, diagnosed because of 
its similar appearance to those previously 
described. Cole’! reviewed the literature on 
cavernous hemangioma of the spleen, none 
of which were found to have calcified areas. 

Calcification of the splenic capsule has 
been reported by Stott and Cotton-Corn- 
wall’? in which instance there was extensive 
calcification of the diaphragmatic surface. 
There was no evidence to indicate that the 
plaque was due to splenic inflammation or 
to direct spread from the thorax. Kréber*” 
encountered another case, that of a fifty- 
five year old East African native who had 
generalized amyloidosis in addition to a 
draining sinus in the left upper quadrant of 
the abdomen. Operation disclosed a large 
spleen completely ensheathed in a bony 
capsule, broken in one place which was the 
origin of the tract. The etiological factor 
was not determined. Pallase, Santy and 
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Roentgenogram 
— ie Sex — Evidence of Systemic of Spleen 
Tuberculosis (Number of 
(gm.) Lesions) 
° 44 M 100 None 12 
2° 61 F 160 Healed tuberculosis of the peritoneum 5 
(miliary), lungs, mesenteric lymph 
nodes and spine. Caseous tuberculosis 
of adrenal 
Ka 65 M 120 Calcified tuberculosis of the liver 20 
4 70 KF go None Calcification of 
splenic artery 
5 60 F 7 None 2 
6* 63 M 200 Calcified nodule in liver, possibly tuber- I 
culous 
7 38 M 80 None Calcification of 
splenic artery 
8 45 F 220 None 5 
9 60 M 210 Caseous pulmonary tuberculosis 6 
Calcification of 
capsule 
10* 58 F 285 Healed tuberculosis of hilar lymph 8 
nodes 
11* 53 KF 60 Healed apical tuberculosis I 
12° 49 F 140 Calcified tuberculosis of lung 3 
13° 50 KF 270 Healed apical tuberculosis l 
14* 35 F 2 Healed apical tuberculosis 1 
15* 70 M 130 Apical scar I 
16* 2} F 45 None 2 
17* 53 M 280 Apical scar 3 
18* 56 M 10S Calcified lesion of liver, possibly tuber- Calcification of 
culous. No apical scar capsule 
19* 67 F 105 Apical scar 11 
20° 54 F 260 Apical scar 2 
a1° 50 F 75 Healed tuberculosis of lung I 
22* 71 M 140 Adhesions of apical pleura I 
23° 50 F 220 Not examined 2 
24* 58 F 85 Apical scar Infarcts with 
calcification 
as° 43 F 200 None 2 
26* 21 F 170 No apical scar 2 
27* 31 F 180 Tuberculosis of mesenteric lymph nodes 4 
28* 37 M 250 None I 
29* 43 M 2 None 2 
30° 54 M 200 Apical scar 2 
qi° 59 M 240 Tuberculosis of lung, spleen and hilar 4 
lymph nodes 
32° 18 F 110 None 2 
33° 58 M 340 None Calcification of 
capsule 
oe 63 F 710 Healed tuberculosis of lung, tuberculo- 16 
sis of tonsil 
36° 45 F 140 Thickening of apical pleura 6 
36° 41 M 440 Healed tuberculosis of lung 6 
37" 73 M 200 Healed tuberculosis of lung 2 
38* 80 M 260 Tuberculosis of lung, ileum 3 


Calcifications of the Spleen 


* Examination included only one-half of the spleen. 


Chanaleilles® reported an instance of pain- 
ful perisplenitis with calcification, the 
symptoms of which were relieved by splen- 
ectomy. 

Goinard’® recorded the case of a male, 
aged fiftv-seven, who had jaundice and 
splenomegaly. Four and one-half years 
after the onset of symptoms a roentgeno- 
gram of the abdomen dislosed calcified 
areas in the spleen, at which time there was 
eosinophilia and a positive intradermal re- 
action indicating the presence of a hydatid 
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I—Continued 
Roentgenogram 
Evidence of Systemic of Spleen 
ion.) Tuberculosis (Number of 
Lesions) 
Calcification of 
splenic artery 
39* 28 Ik 110 Lungs not examined 3 
40* 41 M 170 Healed tuberculosis of lung I 
41* 80 M 60 Healed tuberculosis of lung 9 
42* 59 KF 110 Apical scar I 
43* 42 M 150 Healed tuberculosis of lung 6 
44* 76 M 180 Thickening of apical pleura 8 
45* 3 M 140 Healed tuberculosis of lung 5 
46* 66 M 100 None Calcification of 
capsule 
47° 50 M 200 Healed tuberculosis of lung 2 
48* 3 F 460 Apical scar 3 
49* 48 M 250 None I 
50* 69 M 100 Healed tuberculosis of lung 4 
ga” 72 F 100 Apical adhesions I 
52* 66 M 280 Healed tuberculosis of lung 4 
Calcification of 
splenic artery 
53° 55 M 180 Apical scar 2 
54* 55 M 260 None 2 
55* 33 M 220 None 4 
56 50 F 150 Tuberculosis of the liver (miliary) and 2 
of the stomach, lung, gastric and hepa- 
tic lymph nodes 
sy 72 M 300 Tuberculosis of spleen (miliary) and 2 
peritoneum Calcification of 
capsule 
58* 57 M 320 None 3 
59* 35 F 120 None 4 
60* 50 M 240 Healed tuberculosis of lung and bron- 60 
chial lymph nodes 
61* 48 M 150 None 13 
62* 71 F 170 None 4 
63* 74 M 160 


Tuberculosis of adrenal 12 


cyst. The diagnosis was confirmed by opera- 
tion. 

Three instances of calcium deposition in 
infarcts were recorded by Kadrnka and 
Babaiantz.”* Their roentgenological diag- 
nostic criteria are: (a) single or double in- 
trasplenic calcareous foci having a tri- 
angular or oval form; (4) triangular shad- 
ows with apex toward the center and base 
toward the splenic capsule; (c) generally 
homogeneous calcification, either porous or 
soft, and (d) contours which are sharply 
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demarcated, but which may show small ir- 
regularities indicative of islands of absorp- 
tion. 

Calcified non-parasitic cysts of the spleen 
are quite rare. Fowler" reviewed the litera- 
ture and mentioned cases reported by 
Kohnstamm, Piccinilli, Pean and Sphill- 
man. Féldes,'* Gatersleven,'* and Pool and 
Stillman® reported cases diagnosed roent- 
genologically. Calcification in the wall of a 
cyst has been reported by Scotson* in which 
instance a layer of calcium was found to 
measure yy inch in thickness. An instance 
is reported® in which roentgen studies dis- 
closed a calcified mass the “size of an 
apple” in the splenic region which, after 
removal, was found to contain yellowish 
fluid and cholesterol plates. Shawan*™ re- 
ported an instance of an eighteen year old 
female who had a huge solitary cyst of the 
spleen with calcium deposits in its wall. 
Mattei® reported a case with multiple 
cysts having calcified walls. Bachman’ pre- 
sented a case of calcified cyst of the spleen, 
confirmed by necropsy. 

Echinococcus cysts at times have cal- 
cium deposits in their walls in which case 
their roentgenographic appearance is that 
of a segmented or complete ring-like area 
of calcium density. Cases with roentgeno- 
grams have been reported by Boyd,® 
Downs,“ Druckmann,” Holl,”* and Calm.® 

Kaufmann*® stated that abscesses may 
calcify and that the Pentastoma, a parasitic 
anthropod, may form calcified nodules the 
size of a pea, which have been mistaken for 
phleboliths. Berman‘ cited such conditions 
as echinococcus cysts and bone forming 
metastases to be etiologic factors. Henke 
and Lubarsch* stated that trabecular cal- 
cification and bone formation occur and 
that calcium may be deposited in gumma- 
tous lesions. 


MATERIAL AND METHODS 


For this study, a group of 111 spleens 
from unselected necropsies have been sub- 
jected to roentgenographic examination. In 
most cases only one-half of the spleen was 
examined. Of this number, 63 (57 per cent) 
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have evidence of calcification, from which 
the following classification has been made: 
multiple calcifications of the so-called mili- 
ary type, 58; calcification within the cap- 
sule, 5; calcification of the splenic artery, 
5; and calcification within an infarct, 1. In 
some instances, lesions of more than one 
type have been found (Table 1). 

Age Incidence. The ages range from two 
and a half to eighty years and may be class- 
ified by decades as follows: first decade, 1 
third, 2; fourth, 8; fifth, 12; sixth, 
seventh, 10; eighth, 8; and ninth, 2. 

Sex Incidence. In this series the sex inci- 
dence is equal—31 male and 32 female. 

Weights of Spleens. The relative occur- 
rence of calcification according to the size of 
the organ is: eines gm., 8; 100-200 gm., 
26; 200-300 gm., 22; 300-400 gm., 3; 400- 
500 gm., 2; and 600-700 gm., 1 

Evidence of Systemic Tuberculosis. Eight 
cases have active systemic tuberculosis, 
while many others disclose evidence of api- 
cal scars of thickening of the apical pleura, 
which are possibly due to healed tubercu- 
losis. 

In 2 instances, there are calcified lesions 
in the liver which were interpreted by the 
pathologist to be calcified tubercles. Several 
instances of miliary tuberculosis are pres- 
ent. 

Pulmonary infection is the most common 
site of systemic tuberculosis, while other 
sites of involvement are: hilar lymph nodes, 
mesenteric lymph nodes, adrenal, spleen, 
liver, stomach, ileum, peritoneum and ver- 
tebral column. 

Multiple Calcifications. Roentgenograph- 
ic examination shows the calcified areas to 
be distributed throughout the organ. In 
number, the lesions vary from one to sixty, 
but the majority of cases have less than ten. 
The diameter of the largest measures 8.25 
mm. and that of the smallest is a fraction of 
1 mm. In each case, one finds the size quite 
variable and not infrequently several le- 
sions are present in a conglomerate mass. 
The most frequent configurations are ring 
like, oval or semilunar. Greater variation 
in shape is noted in specimens having the 
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Fic. 14. Roentgenogram of one-half of the spleen 


showing numerous calcified areas. Note the marked 


variation in size and shape of the lesions (see Case 111). 


largest number of calcium deposits (Fig. 1). 

On gross examination, the lesions are 
found in all parts of the splenic pulp and in 
I instance a single nodule is found to be in 
a splenic fissure outside the capsule. The le- 


sions vary in size from less than I mm. to 


almost 1 cm. The external appearance is 
that of a translucent, hyalinized mass 
which consists of a peripheral capsule and a 
central core. The diameter of the lesion is 
usually extremely large when compared to 
the size of the vessels of that vicinity. The 
capsule is soft and gelatinous and seldom 
contains calcium. Numerous trabecular and 
vascular attachments are present on the 
periphery but no occluded vessels are pres- 
ent. The capsule may be separated from 
the core and the consistency of the latter 
varies directly with the amount of calcium 
deposition. In the presence of little calcium, 
one finds the lesions to be gelatinous; how- 
ever, with large amounts of calcium they 
are extremely hard. In the latter instance, 
the core frequently has a lamellated struc- 
ture, consisting of yellowish glistening ma- 
terial which breaks with difficulty. 

On microscopic examination, the periph- 
eral portion of the lesion is actually a 
capsule of concentrically arranged hyalin- 
ized fibers. Interspersed with these fibers, 
one finds elastic tissue, either as loose fibers 
at the periphery or as one or two delicate 
layers which completely encircle the cap- 
sule. Occasionally the elastic tissue fibers 


form large masses. In no instance was there 
extensive calcification, although at times a 
water-marked appearance was noted as cal- 
cium deposits extended from the core. No 
smooth muscle fibers could be identified. 
The connective tissue fibers at times appear 
to be continuous with the trabeculae. No 
iron pigment is found. Occasionally one 
finds small areas of bone formation. In only 
one instance is there small round cell infil- 
tration. Vessels from the trabeculae and 
pulp, when examined by serial sections, are 
frequently found to pass into the capsule, 
but no thrombosed vessels are associated 
with the calcified lesions. A distinct line of 
demarcation is usually seen between the 
capsule and core. 

The center of the lesion may be con- 
sidered as a core. The diameter of this core 
varies according to the size of the lesion, 
while the capsule maintains a somewhat 
uniform width in most instances. The di- 
ameter of the core is rather large in com- 
parison with the width of the capsule. The 
shape varies in each instance, but the gen- 
eral contour is oval or round. The core may 
be divided into three types in accordance 
with the manner in which calcium deposi- 
tion has taken place, as follows: (1) the 
entire lesion has a hyalinized appearance in 
which a small amount of calcium is de- 
posited and one finds little to distinguish 
the core from the capsule; (2) the core is a 
large, more or less solid mass of calcium sur- 
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Fic. 18. Photomicrograph (low power) of a single 
nodule in the spleen. The core contains many 
cholesterol clefts about which there are calcium 
deposits. There is no evidence of blood vessel wall 
or thrombus formation. The capsule has a hyalin- 
ized appearance. 


rounded by a layer of loose connective tis- 
sue which separates the core and capsule; 
(3) the core is composed principally of loose 
connective tissue and cholesterol crystal 
clefts, the center of the core being essen- 
tially free of calcium, but peripherally one 
finds large calcium deposits which extend 
to and, at times, involve the capsule. 

The types described above are not to be 
considered separate entities, as transitional 


Fic. 1C. Photomicrograph (low power) of a double 
nodule in the spleen, the periphery of which con- 
tains numerous small round cells. The lesions have 
separate capsules which are attached in their 
periphery. 
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phases are noted. Occasionally one notes 
the presence of fibrin, polymorphonuclear 
leukocytes and lymphocytes, indicative of 
an inflammatory reaction. No tubercle ba- 
cilli were found. Hemosiderin is present in 
varying amounts, though elastic tissue fi- 
bers are not found. Serial sections fre- 
quently disclose bone formation, usually as 
multiple small areas. Bone marrow ele- 
ments may be included. The calcium 
deposits appear either as granules or lamel- 
lated concretions, with the granular depos- 
its being the most frequent type. The 
lamellated concretions varied considerably 


Fic. 
miliary tubercle immediately beyond the capsule 
of a calcified nodule. 


1D. Photomicrograph (xX 110) showing a 


in size and in no instance was this type 
found to the exclusion of calcium granules. 

The splenic pulp about the lesions is not 
distorted to any great extent. As mentioned 
previously, the trabeculae are in close rela- 
tionship to the capsule. In many instances 
there are unusually large amounts of hemo- 
siderin about the lesion. Serial sections re- 
veal no blood vessels that end within the 
wall of the calcified mass to indicate that 
thrombosis with occlusion of a vessel has 
taken place. Occasionally a vessel ‘is dis- 
torted by the external pressure of a calcified 
area. The splenic veins are found to follow 
a rather straight course and in none is there 
tortuosity. Langhans’ giant cells and tuber- 
cles are found in several cases, each of 
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Fic. 1E. Photomicrograph ( X 230) of a portion of a 
nodule with many cholesterol clefts and calcium 
concretions in the center. Numerous lymphocytes 
are present in the capsule. A thin layer of elastic 
tissue encircles a portion of the lesion. 


which has active tuberculosis in other or- 
gans. 

In 2 instances guinea pigs were inocu- 
lated with a suspension of twenty-five and 
thirty fresh, crushed calcified nodules, re- 
spectively. At autopsy eight weeks later no 
tuberculosis was found. 

Calcification within the Capsule. Roent- 
genograms disclosed § instances of calcium 
deposition within the capsule. The calcifi- 
cation is seen as a thin layer composed .of 
granular deposits of calcium density dis- 
tributed in a linear manner. In 1 case, the 
deposit included an area 0.5 by 15 cm., 


Fic. 1G. Photomicrograph (X 110) of a nodule in 
the liver, consisting of a core and capsule. Large 
calcium deposits are present in the center. This 
lesion has the same structure as those previously 
described in the spleen. 


while in another it measured 2.5 by 3.5 cm. 
The areas were smaller in the 4 remaining 
cases. 

Grossly, one finds the capsule to be free 
of adhesions, except in 1 instance in which 
there were dense fibrous adhesions to the 
diaphragm. In all cases there is thickening 
of the capsule and on section, one encount- 
ers calcium deposits. One case shows hya- 
linization with depression of a 2.5 by 3.5 
cm. area of the capsule with calcium de- 
posits limited to this region. 


Fic. 1F. Photomicrograph (X 110) of a single nod- 
ule which lies entirely outside of the splenic 
capsule. 


Fic. 1H. Photomicrograph (low power) of a cross 
section of a pelvic vein showing a calcified throm- 
bus and vein wall. Large amounts of hemosiderin 
are present in the center. 
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Fic. 24. Roentgenogram of the spleen, showing mottled calcium deposits within the capsule. 


Fic. 2B. Photomicrograph ( x 110) showing thicken- 
ing and hyalinization of the splenic capsule in 
which there is a large calcium deposit. The adja- 
cent splenic structure is normal. 


Fic. 34. Roentgenogram of the spleen, showing 
mottled areas of calcium density having a triangu- 
lar shape, the apex of which is directed toward the 
center of the organ. 


Microscopic examination reveals consid- 
erable thickening of the capsule, the peri- 
phery of which is normal. In the deeper 
portion there is an unusually large amount 
of loose fibrous connective tissue. The tis- 
sue is relatively avascular and only a few 
small lymphocytes are present. Granular 
deposits of calcium are seen in this layer. 
No bone formation is noted (Fig. 2). 

Calcification within an Infarct. In only 1 
instance has there been calcium deposition 
within an infarct. The roentgenogram dis- 
closes four triangular areas in which there 
are deposits of calcium which have a granu- 
lar appearance, the largest measuring 0.9 


Fic. 3B. Photomicrograph ( x 40) showing extensive 
fibrosis about an occluded artery. Numerous cal- 
cium deposits and large amounts of hemosiderin 
are present. 
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Fic. 44. Roentgenogram of a portion of the spleen, showing calcium plaques within 
the splenic artery in the region of the hilum. 


by 1.8 cm. In each instance the apex is dir- 
ected toward the center and the base to- 
ward the periphery of the spleen (Fig. 3). 

The external appearance of the spleen is 
normal. However, on sectioning, one en- 
counters triangular areas of increased re- 
sistance in which calcium deposits -are 
present. The cut surface is slightly darker 
than the surrounding tissue and has a mot- 
tled appearance. 

Microscopic examination shows the cap- 
sule to be slightly thicker than normal. 
Immediately beneath the capsule, one sees 
a sharply demarcated area in which the 
splenic pulp is replaced by moderately 
dense fibrous tissue. A small number of 
small round cells are present, as well as 
numerous capillaries and small blood ves- 
sels. There is a large amount of yellowish- 
brown refractive pigment. Near the inner 
margin of the lesion one finds several oc- 
cluded blood vessels. Diffuse granular de- 
posits of calcium are noted, but there is no 
evidence of cancellous bone formation. 

Calcification of the Splenic Artery. The 
roentgenographic findings are the same as 
those of calcification in other vessels, i.e., 


circular or mottled shadows of calcium den- 
sity in the course of the splenic artery. 
These deposits may occur in the splenic 
artery or in its branches within the splenic 
pulp (Fig. 4). The calcification may involve 
only a few millimeters or the entire length 
of the vessel. However, in this group all 
calcifications are in the hilum or in vessels 


Fic. 4B. Photomicrograph (low power) of a section 
of the splenic artery, showing a large area of inti- 
mal thickening in which calcium deposition has 
occurred. The lumen is considerably narrowed. 
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within the splenic pulp, but near the hilum. 

On gross examination the diameter of 
the vessel is found to be relatively small 
when compared to the normal. Microscopic 
examination discloses marked intimal thick- 
ening in the form of a large plaque that is 
composed chiefly of collagen. In the deeper 
part, this has undergone degeneration; cal- 
cium and cholesterol clefts are found in the 
degenerated area. In one part there is slight 
mononuclear cell infiltration in the plaque. 
There is a loss of nuclei in the media and a 
deposition of calcium in fine granules. The 
adventitia is normal. 


DISCUSSION 


It has been demonstrated conclusively 
that splenic calcifications of the so-called 
miliary type occur irrespective of the age 
or sex of the patient. The number of the 
calcified lesions varies from one to sixty; 
however, the majority of cases contain less 
than a dozen. Actually the nodules are 
more numerous as only one-half of the or- 
gan was subjected to examination in most 
instances. The roentgenographic charac- 
teristics of the lesions are explained by the 
manner in which calcium deposition occurs. 
Necropsy disclosed evidence of systemic 
tuberculosis in a small portion of the cases. 
However, the majority of the cases were 
found to have apical scars and thickening 
of the apical pleura, which are possibly the 
result of healed tuberculosis. 

A single extracapsular lesion was found 
to contain questionable epithelioid cells and 
Langhans’ giant cells, but no evidence of 
thrombus formation. In such an instance it 
seems probable that this lesion is a healed 
tubercle rather than a phlebolith. 

Gross and microdissection, as well as 
microscopic serial sections, were made on 
these lesions. Similar studies were made on 
calcified venous thrombi in the pelvic ves- 
sels in order to have a control. In no in- 
stance is there direct evidence to indicate 
that the etiology of the splenic calcifica- 
tions is either tuberculosis or thrombosis. 
In addition, no occluded veins are present 
in the adjacent pulp. The diameter of 
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calcified lesions in the spleen is always 
much greater than that of the veins in that 
region. The splenic veins are not tortuous. 
In comparison, the pelvic veins are mark- 
edly tortuous and the diameter of the 
phlebolith is rarely more than twice as 
large as that of the diameter of the associ- 
ated vein. The multiplicity of the lesions is 
one point in favor of miliary tuberculo- 
sis as the etiologic factor. Disseminated 
tuberculosis frequently involves all por- 
tions of the organ but it seems unlikely that 
thrombi would occur in such a manner. In 
the event that a splenic thrombus should 
calcify, it would most likely be associated 
with residual fibrosis and such was not 
found here. Bone formation, including bone 
marrow elements, is present in the splenic 
lesions, as well as in the pelvic phleboliths. 

Hemosiderin is frequently present in 
small amounts but not in such a manner as 
to indicate the presence of a thrombus. 

Considerable elastic tissue is present in 
the wall of the lesions. In a few instances 
the fibers encircle the lesions. However, 
they do not have the appearance of the 
elastic tissue fibers which are found in blood 
vessels. Neither can the associated hyalin- 
ized fibers be identified as a blood vessel 
wall. 

Of all the organs of the body the spleen 
has the maximum phagocytic capacity for 
tubercle bacilli.** Knowing that a large 
percentage of the cases were found at nec- 
ropsy to have evidence of systemic tuber- 
culosis, it is quite possible that miliary tu- 
berculosis of the spleen was present at 
some period during the life of the patient.” 
As the most retrogressive process in the 
course of tuberculosis (Sweany,*® and 
Sweany, Tillotson and Kozielek,") one 
would frequently expect healed tuberculo- 
sis of the spleen. The presence of similar 
lesions in the liver is evidence favoring 
tuberculosis as the etiologic factor. 

Guinea pig inoculation was performed in 
2 cases and after eight weeks there was no 
evidence of tuberculosis. The inability to 
find acid-fast bacilli in only 2 cases cannot 
be regarded as conclusive. Reichle and 
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Work* obtained positive “takes” in 4 ani- 
mals of 3 cases. 

Each of the 5 instances of calcium deposi- 
tion within the capsule is associated with 
hyalinization which occurs as a degenera- 
tive change. In 1 instance there were ad- 
hesions between the spleen and the dia- 
phragm, but as the calcium deposits are 
identical to those in which adhesions are 
absent, it is improbable that perisplenitis 
is the etiologic factor. This type of lesion is 
present only in patients of an advanced age. 

The only case of calcium within an in- 
farct is recognized by its gross, microscopic 
and roentgenographic characteristics. 

Four cases of calcification of the splenic 
artery have been encountered. The cal- 
cium deposits represent an advanced stage 
of arteriosclerosis and involve small areas 
in most instances. Aneurysmal changes 
have not been encountered. With the ex- 
ception of 1 patient, aged thirty, all pa- 
tients were of an advanced age. Other in- 
stances of calcifications of the spleen en- 
countered during routine roentgenographic 
examination of the abdomen are: multiple 
calcifications, $0; calcification of the splenic 
artery, 2; and calcification in an aneurys- 
mal dilatation of the splenic artery, 1 
(Fig. 5). 

Several illustrative case reports follow. 


Case 1 (Unit No. 501768). A white female, 
aged sixty-three, was admitted April 18, 1938, 
because of repeated attacks of epigastric pain 
and jaundice of five years’ duration. Nausea 
and vomiting accompanied the pain. Physical 
examination was negative. 

Roentgenographic examination of the ab- 
domen disclosed the presence of gallbladder 
calculi. The spleen was normal in size. In the 
region of the splenic artery there were several 
sharply demarcated, ring-like shadows of cal- 
cium density, the largest of which measured 
1.5 by 2.5 cm. A diagnosis of aneurysmal dila- 
tation of the splenic artery was made (Fig. 5). 

Cholecystectomy was performed on April 27, 
1938. At the time of operation, the splenic 
artery was found to be firm, tortuous and di- 
lated, with evidence of calcification. These 
findings confirmed the roentgenological inter- 
pretation. 
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Fic. 5. Case 1. Roentgenogram of the abdomen show- 
ing the ring-like shadows in the region of the 
splenic artery at the hilum. At operation this was 
found to be a calcified aneurysmal dilatation of the 
splenic artery.. 


Comment. A calcified aneurysmal dilata- 
tion of the splenic artery was diagnosed by 
roentgenographic examination and con- 
firmed at operation. No symptoms could 
be attributed to this lesion. 


Case 11 (Unit No. 315675). A white female 
infant, aged eight months, was admitted Oc- 
tober $, 1931, with a history of pneumonia two 
months previously, after which the infant failed 
to gain weight. The illness accompanying the 
pneumonia persisted for about three weeks. At 
the time of the acute illness, the patient weighed 
15 pounds, while at the time of admission she 
weighed only 10 pounds. Three days before 
admission, she suddenly began to refuse all 
food. 

Physical examination showed the patient to 
be dyspneic, markedly dehydrated and under- 
nourished. The temperature was elevated to 
101°F. Evidence of acute otitis media, left, 
was present. Large, firm lymph nodes were 
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Fic. 6. Case mu. Roentgenogram showing calcified 
areas in the spleen, liver and lymph nodes (mesen- 
teric, inguinal and prevertebral). Disseminated 
pulmonary tuberculosis is present. 


palpable in the cervical and occipital regions. 
There were questionable signs of pneumonia 
in the left lower lobe. 

Roentgenographic examination disclosed the 
presence of miliary tuberculosis of the lungs. In 
the region of the spleen and liver there were 
many small oval shadows of calcium density, 
predominantly in the former (Fig. 6). In addi- 
tion, there were shadows in the mesenteric, 
cervical, inguinal and prevertebral lymph 
nodes, suggestive of calcium deposits within 
tuberculous lesions. 

Following admission, the temperature was 
persistently elevated. The rales persisted and 
signs of cavitation developed in the right apex. 
Incision and drainage of a cervical lymph node 
liberated a large amount of greenish pus, in 
which tubercle bacilli were demonstrated. The 
patient became more acutely ill and the tem- 
perature rose to 105°F. Death occurred thirteen 
days following admission. Necropsy was not 
permitted. 
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Comment. This case is one of acute mili- 
ary tuberculosis, complicated by tubercu- 
lous otitis media and mastoiditis. Calcium 
deposits were in the lymph nodes, liver and 
spleen, demonstrated by roentgen examina- 
tion, all of which undoubtedly represent 
calcium deposition with tubercles. 


Case 111 (Unit No. 456835). A white female, 
aged sixty-one, was admitted January 30, 1936, 
because of pain in the lumbar spine. A diagnosis 
of Addison’s disease had been made four years 
previously. Pott’s disease had been present for 
several years and was accompanied by a pain 
referred to the anterior aspect of the thighs. 
Mechanical appliances to her spine relieved the 
pain temporarily. 

Physical examination showed the patient to 
be quite emaciated. A generalized pigmentation 
of the skin was present. There was a kyphosis 
at the level of the third and fourth lumbar 
vertebrae, without associated tenderness. 

Roentgenographic examination of the chest 
disclosed evidence of tuberculosis of the left 
upper lung associated with calcium deposition. 
There was destruction in the third and fourth 
lumbar vertebrae and the adjacent interverte- 
bral disc, resulting in a kyphosis. Examination 
of the abdomen revealed calcium deposits in 
the mesenteric lymph nodes (Fig. 7) and spleen. 

Course. Three days after admission, the 
patient became comatose. The blood sugar at 
that time was 45.2 mg. per 100 cc. She returned 
to consciousness after the intravenous adminis- 
tration of cane sugar. One day later the blood 
pressure fell to 82/46 from 140/80 and her 
temperature became elevated. Physical exami- 
nation disclosed no cause for the persistent 
fever, though diminished breath sounds were 
noted in the right lower chest posteriorly. The 
blood pressure remained lower than normal and 
death occurred February 10, 1936. 

Necropsy disclosed the presence of healed 
tuberculosis of the lungs, retroperitoneal lymph 
nodes and peritoneum (miliary). A kyphosis 
was present in the lumbar region due to de- 
struction of the third and fourth lumbar verte- 
brae. Fibrocaseous tuberculosis of the adrenals 
was present. Numerous calcified areas were 
present in the spleen. 


SUMMARY 


1. The literature on calcifications of the 
spleen is reviewed. 
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Fic. 7. Case 111. Roentgenogram of the abdomen, showing calcified areas in the spleen and mesenteric lymph 
nodes. Tuberculosis of the third and fourth lumbar vertebrae is associated with destruction of the inter- 
vertebral disc and partial collapse of the vertebral bodies. The shadows indicated by arrows are intestinal 


artefacts. 


2. Calcifications of the spleen are fre- 
quently encountered during roentgeno- 
graphic examination of the spleen and at 
necropsy. Sixty-three cases are reported, 
an incidence of 57 per cent. : 

3. The most frequent types of lesions 
are: miliary calcified lesions, calcification 
of the splenic artery, calcification of the 
splenic capsule and calcium deposition 
within healed infarcts. 

4. Miliary calcification may occur at any 
age, but most commonly after thirty years 
of age. Calcifications of infarcts, the cap- 
sule and splenic artery usually occur in 
patients of advanced age. 

5. The so-called miliary calcifications 
apparently represent calcified miliary tu- 
bercles. 

6. Evidence of systemic tuberculosis, 
active or inactive, is present in most in- 
stances. 

7. The roentgenologic and_ pathologic 
features of the various types of splenic 
calcifications are discussed. 

8. Other instances diagnosed by roent- 


genographic examination during life are 
mentioned. 
REFERENCES 


1. Bacuman, A. L. Calcifications in splenic region. 
Am. J. Roentcenov. & Rap. THERAPY, 1931, 
41, 931-949. 

2. Bacuman, A. L. Calcifications in the splenic re- 
gion. Am. J. RoentGenot. & Rap. THERAPY, 
1940, 43, 607-608. 

3. BArsony, T., and Scuiirz, O. Phlebolithen in 
der Milz. Réntgenpraxis, 1931, 3, 68-73. 

4. Berman, T. M. Miliary calcifications in the 
spleen. Radiology, 1937, 29, 37-39- 

5. Bicnami, G., and Secomanpt, G. M. Parassiti 
epatici e splenici (Pentastomi in particolare) 
al controllo radiologico ed anatomo-istologico. 
Arch. di radiol., 1939, 15, 227-254. 

6. Boyp, D. Echinococcus cyst of spleen. Boston 
M. & S. F., 1925, 193, 591-593: 

7. Brown, L., and Wess, G. B. Discussion of 
paper by Shands.** 

8. Buncn, G. Primary tuberculosis of spleen, with 
report of case simulating Banti’s disease. 
South. M. F., 1931, 24, 764-768. 

g. Catm, A. Demonstration seltener Réntgenbe- 
funde; (d) Echinokokkus der Milz. Verhandl. 
d. deutsch. Rintg.-Gesellsch., 1921, 72, 135-136. 

10. Camp, J. D. Discussion of paper by Shands. 
11. Coxe, F. L. Personal communication. 


re 
ae 


35° 


12. 


19. 


te 


23. 


25. 


. KapRnKA, 


Courtin, W., and Duxen, J. Ueber Milztuber- 
kulose und ihre réntgenologische Darstell- 
barkeit. Zugleich ein Beitrag zur Kenntnis 
der hamatogenen Tuberkuloseausbreitung im 
Kindesalter. Fortschr. a. d. Geb. d. Réntgen- 
strahlen, 1928, 37, 836-839. 


. Dickson, W. H. Diagnosis of obscure abdominal 


lesions by roentgen gastrointestinal examina- 
tion. Am. J. & Rap. THErapy, 
1923, 70, 40-546. 


. Downs, T. McK. Parasitic cysts of the spleen. 


Proc. Path. Soc. Philadelphia, 1925, 27, 29-30. 


. Druckmann, A. Die Réntgendiagnose des ver- 


kalkten Echinokokkus. Forschr. a. d. Geb. d. 
Réntgenstrahlen, 1928, 37, 697-700. 


. Féupes, A. Milzcyste mit verkalkte Wand. 


Zentralbl. f. d. ges. Radiol., 1927, }, 346. 


. Fowrer, R. H. Cystic tumors of the spleen. 


Internat. Abstr. Surg., 1940, 70, 213-223. 


. Gaterstesen, H. Ein Beitrag zu den Milz- 


zysten. Deutsche Ztschr. f. Chir., 1928, 212, 
139-149. 

Gornarp, P. Calcified hydatid cyst of the spleen. 
Bull. et mém. Soc. nat. de chir., 1934, 60, 1360- 
1362. 


. Harrison, B. J. M. Textbook of Roentgenology, 


William Wood & Co., Baltimore, 1936, pp. 
179-183. 


. Heattey, J. E. Calcification of splenic artery. 


Radiology, 1935, 24, 235. 


. Hexroen, L., and Riesman, D. An American 


Textbook of Pathology. W. B. Saunders Co., 
Philadelphia, 1902, p. $53. 

Hetioren, E. G. Fall von Miliartuberkulose im 
Kindesalter, der—mit réntgenologischen Resi- 
duen u. a. in der Milz—zu klinischer Heilung 
kam. Acta paediat., 1932, 180-194. 


. Henke, F., and Luparscu, O. Handbuch der 


speziellen pathologischen Anatomie und His- 
tologie. J. Springer, Berlin, 1931. 

Hoc er, F. Beitrag zur Klinik des Leber- und 
Milzarterienaneurysmas. (Zugleich im Beitrag 
zur systematischen Auskultation der Bauchge- 
fasse.) Wien. Arch. f. inn. med., 1920, 1, 509- 
562. 


. Hot, E. Ein Fall von Echinokokkuserkrankung 


der Milz. Fortschr. a. d. Geb. d. Rintgenstrahlen, 
1928, 77, 862-863. 


. Israevsxi, M. Die verkalkte Arteria lienalis im 


Réntgenbilde. Réntgenpraxis, 1930, 2, 670- 
672. 


. Jasions, B. Concretions of the spleen. California 


State M. F., 1916, 14, 103-105. 

S., and Basatantz, L. Etude 
radiologique de |’infarctus de la rate; diag- 
nostic différentiel der calcifications spleniques. 
F. de radiol. et d’électrol., 1934, 78, 161-169. 
Abs. Year Book of Radiology, Year Book 
Publishing Co., Chicago, 1934, p. 131. 


Edwin F. Gray 


47- 
48. 


49. 


. Linpsog, E. F. 


Marcu, 1944 


KaurMany, E., and Rerany, S. P. Pathology. 
P. Blakiston’s Son & Co., Philadelphia, 1929. 


. Koprpenstein, E. Phlebolithen in der Milz. 


Fortschr. a. d. Geb. d. Rintgenstrahlen, 1927, 
36, 139-144. 


. Kroéser, F. Ein seltener Fall von Perisplenitis 


ossificans. Miinchen. med. Wchnschr., 1936, 83, 

179. 

Aneurysm of splenic artery 
diagnosed by x-rays and operated upon with 
success. Acta chir. Scandinav., 1932, 72, 108- 
114. 

Lurie, M. B. Fate of human and bovine tubercle 
bacilli in various organs of the rabbit. 7. Ex- 
per. Med., 1928, 48, 155-182. 


. Martret. Cited by Fowler." 
. Meyer, Ricuarp. Stone formation in spleen 


after malaria as a cause of sickness. Wien. 
klin. Wehnschr., 1936, 49, 1496-1498. 


. W. Splenic calculi. Arch. Radiol. & 


Electrol., 1919, 24, §9-60. Abs. Am. J. Roenrt- 
GENOL., 1920, 7, 123. 


. Méscui, H. Kalksteine in Milzen. Virchow’s 


Arch. f. path. Anat., 1936, 298, 37-43. 


. Moorman, L. J. Multiple calcifications in the 


spleen. 4m. Rev. Tuberc., 1937, 36, 376-386. 


. Mount, G., Mount, F. R., and Hunter, W. C. 


Calcification in the spleen. 7. 4m. M. Ass., 
1936, 107, 203-205. 


. von Ueber verkalkende Tuberkulose 


der Milz. Arch.f.klin. Med., 1938, 18}, 264-276. 


. Pauvase, Santy, P., and CHANALEILLEs. Cited 


by Bachman.' 


. Perta, Davin, and Marmorston, Jessie. The 


Spleen and Resistance. Williams and Wilkins 
Co., Baltimore, 1935. 


. Ponzio, M. Multiple calcified angiomas in liver 


and spleen. 7. belge radiol., 1932, 20, 218. 


. Poot, E.H., and Stituman, R. G. Surgery of the 


Spleen. D. Appleton & Co., New York, 1923. 


. Rercuie, H.S., and Work, J. L. Incidence and 


significance of healed miliary tubercles in the 
liver, spleen and kidneys. Arch. Path., 1939, 
28, 331-339. 

Rupisitt, H., Jr. Calcifications in the spleen. 
Am. J. & Rap. THERAPY, 1932, 
28, 805-807. 

Ruuwnav, A. Ein Fall von tuberkulésen Kalk- 
herden in der Milz. Tuberkulose, 1933, 13; 
172-173. 

SAFWENBERG, O. Zwei réntgenologisch Diag- 
nostizierte Falle von Milzarterienaneurysma. 
Acta radiol., 1937, 18, 481-490. 


. SCHOTTENFELD, L. E., and Wo xrson, W. L. 


Cavernous hemangioma of the spleen. Arch. 
Surg., 1937, 35» 867-877. 


. Scorson, F. H. Calcified cyst of spleen. Brit. 


M. F., 1933, 1, 367- 


. Servs, J. V., and Hauser, H. Cited by Sperling.” 


| 
32 
| 
| 
36 
| 
44 
6 
28 
29 


Voi 


59- 
. Sweany, H. C., and Martinsen, W. L. 


Ls 


. Sperwine, L. 


. SHanps, H. R. Chronic primary tuberculosis of 


spleen, x-ray diagnosis. 4m. Ff. Surg., 1933, 
20, 707-721. 


. SHawan, H. K. Calcified cyst of spleen. 4nn. 


Surg., 1937, 100, 469-474. 
Aneurysm of splenic artery. 
Surgery, 1940, 8, 633-638. 


. Sprrz, L. Zur Frage der Venensteine und der 


tuberkulésen Kalkherde in der Milz. Réntgen- 
praxis, 1932, 4, 993-997. Abs. in Year Book 
of Radiology, Year Book Publishing Co., 
Chicago, 1933, p- 378. 


. Srort, L. B., and Corron-Cornwa tt, V. Case 


of pathological calcification. Lancet, 1933, 2, 
755-757- 


. Sweany, H. C. Studies on pathogenesis of pri- 


mary tuberculous infection; regressive lesions. 
Am. Rev. Tuberc., 1933, 27, §59-574- 
Sweany, H. C. Personal communication. 
M. 
Incidence of extrapulmonary primary tubercu- 
losis. dm. Rev. Tuberc., 1938, 37, 465-483. 


Calcifications 


of the Spleen 


61. 


62. 


63. 


64. 


65. 


66. 


67. 


68. 


351 


Sweany, H. C., Tittotrson, A. E., and Kozie- 
LEK, V. Studies on retrogressive changes of 
tubercles. 4m. Rev. Tuberc., 1938, 37, 484-493. 

Sweany, H. C. Cited by Moorman.*® 

Sweany, H. C. On the nature of calcified lesions; 
with special reference to those in the spleen. 
Am. J. RoentGenot. & Rap. THERAPY, 1940, 
44, 209-229. 

TescHenporr, W. Die Réntgendiagnostik von 
Leber, Milz und Pancreas. fahrb. f. Réntgenol. 
Walter de Gruyter & Co., 1931, p. 116. Cited 
by Bachman.' 

Trx1erR, BAUMGARTNER, RONNEAUxX, and Ga- 
DREAU. Anévrismes calcifiés de |’artére 
splénique et splénomegalie. Bull. et mém. Soc. 
de radiol. méd. de France, 1930, 18, 349-351. 

Waters, C. A., and Kaptan, I. I., Editors. Year 
Book of Radiology, Year Book Publishing 
Co., Chicago, 1936, p. 378. 

Winternitz, M. C. Tuberculosis of spleen. 
Arch. Int. Med., 1912, 9, 680-697. 

Wyo ter, A. Cited by Bachman.! 


* 

\ 

% 


Marcu, 1944 


CONGENITAL ABSENCE OF THE PATELLAE ASSOCI- 
ATED WITH ARTHRODYSPLASIA OF THE ELBOWS 
AND DYSTROPHY OF THE NAILS 
A HEREDITARY SYNDROME* 

By HYMAN R. SENTURIA, A.B., M.D.t and BEN D. SENTURIA, B.S., M.D. 


ST. LOUIS, MISSOURI 


GINCE the last part of the nineteenth 
century there have appeared in the lit- 
erature, from time to time, isolated reports 
dealing with the unusual association of mal- 
formations of the nails, hypoplasia or com- 
plete absence of the patellae, and deformi- 
ties with impaired function of the elbows. 
In many cases this triad has been inherited, 
in varying modifications, in several genera- 
tions of the same family, while in others, 
one or more of the cardinal features have 
been absent or altered. This condition is 
purely inherited and congenital and is ap- 
parently due to some developmental defect 
in the ectodermal and mesodermal layers 
of the embryo. In 1897 Little? reported 42 
cases of congenital absence or delayed de- 
velopment of the patella, collected from 
the literature, to which he added 3 cases of 
his own. In his article he mentions a family 
observed by Sedgwick in four generations 
of which 18 persons had no patellae and no 
thumb nails. The majority of these cases 
were females, but there is no mention as 
to whether every member was affected or 
whether the two deformities were always 
associated. Wolf* in 1900 reported a family 
in which the mother showed congenital ab- 
sence of both patellae and complete ab- 
sence of both thumb nails. Her two chil- 
dren, a son and a daughter, inherited the 
same deformities, while her grandchildren 
were perfectly normal. In 1903 Most’ called 
attention to a family in which absence of 
the thumb nail and extensive atrophy of 
the remaining nails of the mother were in- 
herited by all 6 sons. One of the 6 is the 
father of the child under observation. The 
patient had, in addition, 5 sisters of which 


* From the Departments of Radiology and Medicine of the 
Jewish Hospital of St. Louis, St. Louis, Mo. 
t Captain, Medical Corps, Army of the United States. 


4 were carriers of the nail anomaly. The 
patient showed, besides the nail deformi- 
ties, complete absence of the patellae. 
There were, in addition, severe deformities 
of both lower extremities. The other mem- 
bers of the family with anonychia were not 
examined but it is conceivable that some 
may have shown absence of the patellae. 
Firtht in 1912 reported the case of a 
family in which the mother and 3 children, 
all girls, showed congenital absence of the 
patellae and deformity of the nails. The 
mother, aged thirty-two, showed no patellae 
and deformed nails. The eldest daughter, 
aged ten, showed, in addition to these de- 
formities, inability to fully extend the arms 
at the elbow, while the youngest daughter 
showed the deformities but was unable to 
fully extend only the left arm at the elbow. 
The third daughter, aged three and a half, 
showed a rudimentary patella on the left 
while the right was present and appeared 
normal. Twins and 2 siblings in the same 
family, all dead, were said to have been 
normal. An addendum to Firth’s article 
mentioned a family reported by Dr. John 
Thomson, consisting of a father, mother 
and g children. The mother and 5 of the 
children showed complete absence of both 
patellae and deformity of all the finger 
nails and toe nails. The father and 4 other 
children were quite normal. The mother 
showed some slight inability to straighten 
her right elbow completely and she could 
not freely supinate her right forearm. The 
family teported by Rubin™ consists of 3 
members—a mother with no thumb nails 
and patellae of about one-half normal size, 
a son with no patellae but normal thumb 
nails and a daughter with no patellae but 
with thumb nails partly developed. _ 
Trauner and Rieger’® emphasize the dom- 
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inance of luxation of the head of the radius 
in their report of 6 members in four genera- 
tions in which they found the following to 
be closely associated with each other: luxa- 
tion of the head of the radius caused by 
hypoplasia or complete absence of the 
capitate eminence of the humerus, flexion 
contractures of various fingers, discolora- 
tion and incomplete development of the 
nails of the thumb, index fingers and the 
first and second toes. In 1 case, there was 
hypoplasia of the patella. In 1928, Aschner! 
collected from the literature the history of 
8 families in which congenital defect or 
hypoplasia of the patella was inherited 
through several generations. Among the 8 
families, there were 3 in which the bone de- 
fect was associated with a hereditary defect 
of the thumb nails in all the reported af- 
fected members of the family. 

A complete study is reported by Oester- 
reicher™ of a family in which out of 21 
members in five generations, 11 were car- 
riers of the defective triad involving the 
nails, patellae, and elbow joints. There was 
a defect of the thumb nail in all affected 
members while 2 showed, in addition, in- 
volvement of the other nails. There was a 
patellar defect in 9 of the affected cases, 
while in the remaining 2 the information 
was incomplete in this regard. The anomaly 
of the elbow was present in 7 of the affected 
cases, in 2 the information was incomplete, 
in 1 only the right elbow was involved while 
in the last case the anomaly was com- 
pletely absent. 

Turner” in 1933 reported a study of 2 
families in which 35 out of 79 persons were 
affected by the hereditary triad, namely, 
dystrophy of the nails, defect or severe hy- 
poplasia of the patella, and deformities of 
the elbow. In the first family, every member 
showing dystrophy of the nails suffered also 
from the other two features, a total of 26 
out of 39 persons being affected. In the 
second family, 27 of 41 persons suffered 
from dystrophy of the nails while only g 
suffered from the arthrodysplasias. At 
about the same time, Rutherfurd™ de- 
scribed a hereditary complex occurring in 5 
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cases in three generations, characterized by 
recurrent dislocation of the patella, heredi- 
tary knock knee, and aplasia of the nails 
of the fingers and toes. In 1936 Lester® 
made a supplementary report on the family 
originally described by Firth in 1912. At 
this time the family had increased to three 
generations, of which 7 members of 13 
show the deformities. To the relatively con- 
stant triad he adds a deformity of the ilium 
and thickening with convexity of the lateral 
border of the scapulae. A leaf-shaped dis- 
coloration of the iris was observed in a few 
of the cases. 

In 1937, Montant and Eggermann® de- 
scribed a hereditary syndrome character- 
ized by hypoplasia of the patellae, malfor- 
mation of the radius and hemi-atrophy of 
the nails of the thumbs. These affections 
were discovered incidentally in an individu- 
al who presented herself at the clinic for 
some trivial unrelated complaint. The gene- 
alogical tree was charted when the patient 
gave the history that several of her ances- 
tors and relatives presented similar mal- 
formations. In this way it was possible to 
determine that in five generations, 10 mem- 
bers of 30 were affected. The authors have 
emphasized the association of these mal- 
formations with the presence of light blue 
eyes and blond hair, and feel that this is a 
hereditary affection of a dominant charac- 
ter which is not sex linked. A constant 
feature in these cases was that only the 
nail of the thumb was affected and always 
in the same manner, namely, a_hemi- 
atrophy of the cubital side. All cases had 
a very marked hypoplasia of the patellae, 
never a complete absence. 

Sever!’ reported the case of an elderly 
man in whom it was discovered, during the 
course of a routine physical examination, 
that the patellae were small and located on 
the external aspect of both knees. It was 
later observed that the nails on each 
thumb were rudimentary, while the remain- 
ing nails appeared normal. Roentgeno- 
grams of the elbow showed various bony 
exostoses about the joint, but it was not 
possible to determine the presence of any 
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Fic. 1. Hands of patient showing the involvement of 
the nails of the thumb and index fingers. The nails 
of the middle and ring fingers are slightly thinner 
than normal and somewhat flattened. The nails of 
the little fingers are entirely normal. 


luxation, in view of the marked bony over- 
growth. On questioning this patient fur- 
ther, it was learned that 2 nieces of his wife 
and a nephew had rudimentary nails on 
all fingers, but so far as the patient knew 
their knees were normal. On his mother’s 
side, a niece and an uncle also had rudi- 
mentary nails on all fingers but nothing 
was known about their knees. The patient 
died of a cancer of the pancreas and 
Venable* performed an anatomical dissec- 
tion of the right knee joint which is com- 
pletely described in a recent report. 
Although there has been some variation 
in the nature and degree cf the congenital 
defects which have been described by the 
above authors, the localization of the ab- 
normalities to the nails, particularly of the 
thumbs, to the patellae and to the elbows 
has been fairly striking. Characteristically, 
the disorder of the nails has varied from 
total absence of the nail to one that is only 
a little thinner than normal, always affecting 
more severely the thumb nail and becoming 
less marked toward the little finger. The 
typical dystrophic nail presents a small nor- 
mal appearing base that is much thinner 
than normal and that gradually disappears 
about half way down the nail bed, allowing 
the fleshy end of the finger to turn back- 
ward over the nail (Fig. 1). Montant and 
Eggermann have emphasized the fact that 
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only the nail of the thumb was affected and 
in a characteristic manner, namely, a hemi- 
atrophy of the cubital side. In other cases, 
there has been complete absence of the 
nail of the thumb, with or without associ- 
ated affection of the remaining fingers or, 
very occasionally, the toes. 

The deformity of the patella has been 
characterized by total absence or at least 
severe hypoplasia of the patella. The knees 
appear flat when extended, square and 
angular when flexed (Fig. 2). The hypo- 
plastic patella, when present, was located 
on the external aspect of the knees, lying 
rather high. The tubercle of the tibia is 
markedly prominent, as is also the internal 
condyle of the femur. There is genu valgum 
in some cases. The affected elbow shows an 
unusually prominent internal condyle, with 
an increased carrying angle (Fig. 3). The 


Fic. 2. Knees of patient in flexion showing the square, 
angular appearance. The nail on the big toe of the 
right foot shows a suggestive deformity similar to 
the nails of the thumbs. 
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forearm cannot be fully extended and su- 
pination is limited. Roentgenograms of the 
elbow show an arthrodysplasia character- 
ized by an elongation and deformity with 
luxation of the proximal end of the radius. 
The head of the radius is poorly formed and 
the superior radio-ulnar articulation is 
dysplastic (Fig. 4). In other cases there is 
extensive overgrowth of bone in the region 


Fic. 3. Photograph of patient standing showing the 
prominent internal condyles of the lower end of 
the humeri and the exaggerated carrying angle. 
The extended knees appear flat with no suggestion 
of a patella. The hands are held in a pronated 
position. 


of the elbow with 
change. 

Other less constant and variable features 
have been stressed by individual authors. 
Turner”® called attention to the thick 
ankles with unusually large malleoli, par- 
ticularly the internal malleolus. He empha- 
sized the prominence of the acromial ends 
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Fic. 4. Roentgenograms of the left elbow showing 
the deformity of the proximal end of the radius 
and the dysplasia of the proximal radio-ulnar ar- 
ticulation. 


of the clavicle, the undersized scapulae, and 
the small coracoid and acromial processes. 
In the hip and pelvis there is said to be an 
increase in the angle between the neck and 
shaft of the femur, with an increase in the 
normal concavity of the external surface of 
the ilium, giving the crest the appearance 
of an outward flare in its posterior half. 
Lester,® in addition to the constant triad, 
called attention to a leaf-shaped discolora- 
tion of the iris, an increase in the normal 


Fic. 5. Lateral roentgenograms of both knees show- 
ing complete absence of the patellae. 
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concavity on the external surface of the 
ilium so that the crest seems to be increased 
posteriorly, and to minor changes in the 
shoulder girdle. Turner, and Montant and 
Eggermann noted with variable frequency 
a great laxity of the metacarpophalangeal 
and interphalangeal joints so that it is 
sometimes possible to hyperextend the 
digits of the hand until an angle of go de- 
grees is formed with the back of the hand 
without discomfort to the patient. 
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knee, the shoulders, wrists, hands, hips and 
knees. During the course of the examination the 
deformity of the nails was noted as well as the 
evidence of total absence of the patellae. Roent- 
genograms of the knees and the elbow confirmed 
the clinical suspicion of total absence of the 
patellae, and established the presence and na- 
ture of the arthrodysplasia of the elbow joints 
(Fig. 4 and 5). The genealogical tree showed 
that a great-great-grandfather who lived in the 
eighteenth century is known to have had this 
affection. The line was apparently negative 


Great great grandfather aliwe in 18th century 
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Line negative until patient's mother. 


Patient's mother—4 generations removed from 


grandparent 


Shaded circles are those members of the family who show the deformities. 


Fic. 6. Genealogical tree of patient showing the involvement of 30 members of the family in 
four generations. Only the patient was examined personally. 


We have had the opportunity to observe 
a patient who presents the classical triad 
to which attention is being directed in this 
paper. 

The patient is a male, aged thirty-six, an auto 
mechanic who was admitted to the hospital be- 
cause of joint pains following a prolonged siege 
of boils and lymphangitis, precipitated by his 
occupation which involved keeping both upper 
extremities immersed in oil for long periods at 
a time. The onset of the joint pains and swelling 
was concomitant with the presence of the boils. 
The left elbow, which was the site of a large 
boil, became swollen and painful. This was fol- 
lowed very rapidly by involvement of the right 


until the patient’s mother who was four gen- 
erations removed from the grandparent. A 
total of 30 persons, including the mother, were 
affected in four generations (Fig. 6). 


It is apparent from the literature on this 
subject that we are dealing with the heredi- 
tary transmission of a dominant character, 
not sex linked, the anomaly being carried at 
the same time in two different systems, one 
derived from the mesoderm, the other from 
the ectoderm. Many genetic theories have 
been advanced to explain the transmission 
of these congenital malformations: The 
most complete and detailed discussion from 
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the genetic point of view is that of Asch- 
ner.’ She has demonstrated that each of the 
anomalies can occur independently or in 
variable combinations with the other two. 
A defect of the patella can occur inde- 
pendently without involvement of the nails 
or the elbow joints (Little,’?’ Aschner’). 
Hereditary dystrophy of the nails in the 
absence of skeletal anomalies has been 
sporadically reported (Tobias,!* Jacobsen,° 
Pires Da Lima,” Ebstein,? Murray,’ Chil- 
ton). The hereditary occurrence of luxation 
of the head of the radius has been described 
as an isolated anomaly (Servier,® Prince- 
tau, von Sury”). For these reasons, she 
concluded that there must exist three sep- 
arate pathologic factors which are closely 
linked, as the three defects are inherited 
together with few exceptions. Since the 
whole syndrome does not occur quite so 
often as the association of the defect of the 
nails and the patella, it can be assumed that 
there is a closer linkage between these 
two genes in order to explain their frequent 
occurrence together and their inheritance 
together as if they were one factor. The 
genes for the defect of the patella and the 
thumb nail are not only linked together in 
the same chromosome, but are even very 
near neighbors to each other within the 
same chromosome. The gene for the luxa- 
tion of the head of the radius is probably in 
the neighborhood of the other two genes, 
but not quite as close in the chromosome, as 
the whole syndrome does not occur quite 
so often as the association of the defect of 
the thumb nail and the patella. 

Turner®® postulated that since in neither 
family in his cases does the arthrodysplasia 
appear independently of the dystrophy of 
the nails, although the reverse occurs fre- 
quently, the factor for dystrophy of the 
nails must be present for the factor of the 
arthrodysplasia to be active. On the other 
hand, it is possible that both factors are 
present in every individual showing the 
dystrophy of the nails, but that a third 
factor is present also in those who do not 
show the arthrodysplasia, and the third 
factor acts as an inhibiting force on the 
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arthrodysplsia or on the interaction of the 
two. Montant and Eggermann® concluded 
that a single gene is involved in the origin 
of the different anomalies. This is the con- 
cept of polyphenia, which assumes the 
origin of three different anomalies from a 
single dominant gene. Trauner and Rieger® 
and Oesterreicher™ concurred in this as- 
sumption. 


SUMMARY 


An inherited congenital developmental 
defect involving the ectodermal and meso- 
dermal layers of the embryo is described. 
The malformations affect, with striking 
consistency, the patellae, the nails of the 
hands, particularly of the thumbs, and the 
elbow joints. This triad is transmitted as a 
hereditary dominant character and is not 
sex linked. A case is described showing the 
typical clinical and roentgenologic appear- 
ance, in whose family tree a total of thirty 
persons in four generations are thus sim- 
ilarly affected. 


Acknowledgment is made to Dr. Emanuel Sigo- 
loff, of St. Louis, for authorization to make complete 
use of the records in this case. 
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OSSEOUS ABNORMALITIES OF THE THORACIC CAGE 
SEEN IN FORTY THOUSAND CONSECUTIVE CHEST 
PHOTOROENTGENOGRAMS* 


By MAJOR LEWIS E. ETTER, M.C. 


MEDICAL CORPS RESERVE 


T= literature on congenital and de- 
velopmental defects and abnormalities 
of the thoracic cage is limited. Very little 
has been written in the radiological jour- 
nals of this country on the subject, but a 
number of interesting articles have ap- 
peared in foreign publications.*::7"%" The 
roentgenologist meets with these conditions 
in his daily routine and takes them as a 
matter of course, reflecting, perhaps, on the 
infinite variety of biological phenomena. 

Of interest chiefly from the standpoint 
of anatomy, very little was known of the 
occurrence of thoracic anomalies until the 
advent of roentgenography. Identification 
of structural variations by dissection would 
be a tiring task and this accounts for lack 
of data on the subject in the anatomical 
literature and standard texts. The roent- 
genologist is interested in the abnormalities 
both from the anatomic and roentgenologic 
aspect since they at times may simulate 
pathological conditions as, for example, the 
mistaking of a bifurcated rib deformity for 
the wall of a tuberculous cavity. This may 
seem trite, but it is a fact that the mistake 
has been made. 

While every roentgenologist is familiar 
with the more common anomalies of the 
thoracic cage, these are not of such frequent 
occurrence as to be an every day happening 
in the average practice. In fact, our statis- 
tics on the abnormalities herewith reported 
would indicate the conditions cited to be 
rare. Account must also be taken of the 
fact that this report deals with a segment of 
the male population of military age, and 
may therefore be found at variance with 
statistics accumulated in a study including 
both sexes. 

But up to this time, with the exception 


of the reviews published by Ashbury,! and 
Ashbury, Whildin and Rogers,? no large 
series of cases giving these data have been 
reported. Inasmuch as our statistics and 
those of the authors quoted are substan- 
tially in agreement, it is felt that our figures 
represent a true picture of the occurrence 
of the various abnormalities which are 
shown in the accompanying tabulation 


(Table 1). 


COMMENT 


The occurrence of cervical ribs in this 
series, namely once in 600 men, may seem 
small, but we have held strictly to the fol- 
lowing criteria in diagnosing cervical ribs: 
First, the rib must arise from the seventh 
cervical vertebral transverse process which 
is seen to project horizontally from the 
spine in contradistinction to the transverse 
process of the first dorsal vertebra which ex- 
tends diagonally upward from the point 
of origin (Fig. 1), and second, it must have 
no connection anteriorly with the manu- 
brium sterni although it may form a syn- 
ostosis with the first rib (Fig. 4). Many 
ribs, which at first glance appear to be 
supernumerary, are found to be rudi- 
mentary first ribs when the above criteria 
are applied. It is of interest that in this 
series only one of the cervical ribs was 
found to be jointed (Fig. 2). Vinogradov” 
described 6 cases in which a joint appeared 
in the mid-portions of cervical ribs. Fur- 
ther, it should be stated that none of the 
individuals possessing these ribs had any 
symptoms referable to them at the time of 
the examination. 

Considerable interest has been shown in 
the appearance of an anomaly of the first 
rib (Fig. 3) occurring usually in its mid- 


* From the Medical Examination and X-Ray Sections, Armed Forces Induction Station, Altoona, Pennsylvania, 
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Fic. 1. Bilateral cervical ribs showing origin from 
horizontal transverse process of seventh cervical 
vertebra. 


portion, and having the appearance of a 
healed fracture or pseudarthrosis. The ac- 
companying figure shows one case in which 
the condition was bilateral. When this 
was first encountered we tried to get a his- 
tory of injury because of the appearance of 
callus in a healing fracture, but in all cases 
the history has been negative. Upon first 


Fic. 2. Bilateral cervical ribs, the left one jointed. 


Lewis E. Etter 


Marcu, 1944 


study of a roentgenogram showing this ab- 
normality one is struck by its similarity 
to a calcified tuberculous process at the 
apex of the lung. Upon closer examination, 
and a negative history of trauma, it be- 


I 


BONY ABNORMALITIES OF THORACIC CAGE IN 
40,000 CHEST PHOTOROENTGENOGRAMS 


No. of 
Right 
Cervical ribs 12 14 26 
Bilateral 41 
Bilateral, onejointed 1 68 
Anomalous first ribs 12 18 30 
Bilateral I 31 
Rudimentary ribs _ Ist ribs 25 42 
2nd ribs 3 2 
grd ribs 2 2 
4th ribs ° 1 
sth ribs ° 2 
3° 49 79 
Synostosis of ribs I-2ribs 46 31 
2- 3 ribs 2 2 
3- 4ribs 2 I 
4- ribs I 3 
5- 6 ribs 6 2 
6- 7 ribs ° 2 
7- 8 ribs I I 
8 -g ribs ° I 
g-10 ribs 2 1 
60 44 104 
Multiple synostoses I 


Synostosisrt.cervicalandrt.1strib 2 
Bilateral synostosis ist and2ndribs 2 


Bifid ribs Ist ribs 4 12 
2nd ribs 3 2 
3rd ribs 4! 23 
4th ribs 60 33 
sth ribs 29 18 
6th ribs 12 5 
7th ribs 4 4 
153 97 250 
Bilateral bifid ribs 3rd 5 
4th 2 7 
Rib resection (drainage for empyema) 35 
Skeletal deformity (scoliosis) 126 
Healed fractures of ribs 48 
Osteomyelitis of rib I 
Osteochondromatosis 1 


comes clear that the lesion is an anomalous 
pseudarthrosis. Hallermann® described a 
case and drew attention to the appearance 
suggesting a healed fracture. Pickhan® 
also reported on this condition and conjec- 
tured on its possible phylogenetic connec- 
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tion by showing that similar joints occur in 
the upper ribs of the European crane. 

In this series the most common rudi- 
mentary rib was found to be the first. Prob- 
ably this is the reason that they are some- 
times mistaken for cervical ribs although 
application of the criteria above given for 
cervical ribs will serve to differentiate the 
two. None of the individuals we saw had 
any symptoms from this anomaly, but a 
case has been reported by Henry® in which 
pressure of a rudimentary left first rib on 
the cervical sympathetic chain and stellate 


Fic. 3. Bilateral anomaly of first ribs having ap- 
pearance of healed fracture or pseudarthrosis. 


ganglion produced thermal changes in the 
left arm relieved by resection of the rib. 
Cases have also been reported*" where 
aplasia of three or more ribs has caused 
deformities of the thoracic wall with even- 
tration of the viscera. 

Synostoses of the ribs were found more 
commonly on the right side than on the 
left side involving the right first and second 
ribs most frequently. It is interesting to 
note that synostoses were found to occur, 
both anteriorly and posteriorly, between 
all the ribs visible on the chest roentgeno- 
gram. One case only showed multiple syn- 
ostoses (Fig. 4) in addition to bilateral 
cervical ribs, the right one of which formed 
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Fic. 4. Multiple synostoses and bilateral cervical 
ribs, the right one forming a synostosis with the 
first rib (pseudarthrosis). 


a pseudarthrosis with the first rib. Clini- 
cally this man showed straightening of the 
dorsal spine with slightly limited mobility, 
but had no functional incapacity. An occa- 
sional synostosis had the appearance of a 
joint between the ribs (Fig. 5). A report of 


Fic. 5. Synostosis between right fifth and sixth ribs 
posteriorly, having appearance of a pseud- 
arthrosis. 
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Fic. 6. Synostosis between left seventh and eighth 
ribs posteriorly suggesting appearance of an air 
cyst. 


a case* in which there was complaint of pain 
from a lump beneath the left clavicle was 
found to be a pseudarthrosis between the 
end of the left first rib and the mid-portion 
of the second rib. Occasionally a synostosis 
may give rise to an appearance suggesting 
a pathologic process as shown in the accom- 
panying roentgenogram (Fig. 6). Here a 
combination of shadows suggests an em- 
physematous bulla or air cyst at the left 


Fic. 7. Bilateral bifid third ribs. 
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Fic. 8. Frequent appearance of rib produced 
by healed resection for empyema. 


base. None of the men we saw had any 
symptoms or external evidence of synosto- 
sis of the ribs. 

Bifid ribs showed the appearance of a 
lobster claw, occasionally incomplete; sim- 
ple forking, and spatula forms. Their oc- 
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Fic. 9. Osteochondromatosis of ribs producing an 
appearance suggestive of massive healed primary 
tuberculosis. 
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currence was 50 per cent more on the right 
side than on the left side. The right fourth 
rib showed this anomaly most frequently. 
Bilateral bifid rib occurred rarely, only 7 
cases being found in the series (Fig. 7). 

Scoliosis of acceptable degree by Army 
standards; that is, less than 2 inches’ devia- 
tion from the midline, on a postural basis, 
was noted infrequently, namely 1 in 300men. 

Healed fractures of ribs were seen only 
once in 800 men and ribs resected for em- 
pyema once in 1,100. The appearance pro- 
duced by healed resection for empyema was 
fairly constant (Fig. 8) and usually showed 
a lacunar defect in a spindle-shaped de- 
formity of the rib. 

In one case a very unusual appearance 
was presented by osteochondromatosis. 
Upon first viewing the roentgenogram (Fig. 
g) the appearance was that of a massive 
healed primary tuberculosis, but lateral 
views showed the connection anteriorly 
with the ribs and costal cartilages. A bone 
survey then was done and showed typical 
osteochondromata of the long bones. 


SUMMARY 


The statistical data of the occurrence of 
osseous abnormalities of the thorax have 
been tabulated and attention drawn to the 
rare conditions which may possibly be mis- 
taken for pathologic processes. 


The author expresses his thanks to Cpl. John J. 
White for his valuable assistance in the preparation 
of the statistical data. 
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RATIONALE AND RESULTS 


Marcu, 1944 


OF ROENTGEN TREAT- 


MENT OF THE ADRENAL GLANDS IN 
ANGINA PECTORIS*t+ 


By W. RAAB, M.D., and A. B. SOULE, JR., M.D. 


BURLINGTON, VERMONT 


RATIONALE 


“Te syndrome of angina pectoris is 
generally recognized as being caused by 
a state of acute anoxia of the heart muscle 
(Keefer and Resnik, Levy, et a/.). The pres- 
ence of coronary sclerosis per se does not 
suffice to explain the characteristic acute- 
ness of the anginal attacks. 

The common conceptions of acute “‘cor- 
onary spasms” or acute “hemodynamic 
strain” are not satisfactory. Coronary 
spasms have never been directly observed. 
They were only hypothetically postulated 
for the purpose of explaining the clinical 
manifestations of acute myocardial anoxia. 
Moreover, such spasms are the less likely 
to occur, the more rigid the sclerotic cor- 
onary arteries grow. The pain-relieving 
effect of the vasodilating nitrites cannot be 
accepted as positive evidence of a pre- 
existing spasm of the coronary vessels if 
the possibility of a primarily biochemical 
mechanism of acute myocardial anoxia is 
taken into consideration. Furthermore, 
there is no evidence of an increased hemo- 
dynamic strain as being a regular feature in 
angina pectoris. On the contrary, blood 
pressure and pulse rate may even be lower 
during attacks than during the interval 
(Raab*). 

Shambaugh and Cutler were the first to 
discuss the possibility that adrenalin dis- 
charges may be involved in the pathogenic 
mechanism of angina pectoris. The theory 
advanced by one of us (Raab*) that an- 
ginal attacks are brought about by the 
acutely anoxiating effects of adrenalin dis- 
charges upon a heart muscle whose cor- 
onary arteries are sclerotic and thus unfit 
for adequate compensatory dilatation is 
based upon the following facts: 


* From the University of Vermont, College of Medicine, Divisions of Clinical Medicine and Roentgenology. 
t This study was aided in part by a grant from the Rockefeller Foundation. 
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(1) Adrenalin exerts a specific, intensely 
anoxiating effect upon the heart muscle 
(Barcroft and Dixon, Evans and Ogawa, 
Gremels, Rein, and Green and his co- 
workers) which by far exceeds the oxygen 
requirement for the simultaneous increase 


of hemodynamic action (Gollwitzer- 
Meier, Kramer and Kriiger). 
(2) Adrenalin physiologically  dis- 


charged from the adrenal glands into the 
blood stream under the influence of physi- 
cal exercise, emotions, cold (Cannon, e¢ a/.), 
under the very conditions which usually 
elicit anginal pain. 

(3) The heart muscle possesses a greater 
tendency than other tissues to accumulate 
circulating excéss amounts of adrenalin, 
and likewise accumulates other adrenal 
catechols (Raab«). 

(4) During physical exercise or exposure 
to cold the adrenalin content of the heart 
muscle increases (Fig. 1) while that of the 
adrenal glands diminishes (Raab«*). 

(5) Injection of adrenalin is likely to pro- 
duce anginal symptoms in persons with 
coronary sclerosis (Levine, Ernstene and 
Jacobson; Katz, Hamburger and Lev; Cot- 
trell and Wood) and, if given in large doses, 
also in healthy persons (Wenckebach, 
(Raab’, self-experiment). 

(6) Abnormally intense discharges of ad- 
renalin into the blood stream during physi- 
cal exercise were observed in all of 12 pa- 
tients suffering from angina pectoris. They 
disappeared in all of 7 successfully treated 
patients in whom the tests were repeated 
after treatment (Raab‘). 

(7) The electrocardiographic changes 
which occur during anginal attacks are 
practically identical with those following 
the administration of adrenalin (Vesa, 


i 
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Lepeschkin, Katz, Hamburger and Lev, 
et al.). 

(8) Patients with tumors of the adrenal 
medulla often suffer from anginal attacks 
(Bauer, Scherf, Nuzum and Dalton, Brun- 
schwig, Humphreys and Roome, ef ai.) 
during which an increased adrenalin level 
was found in the blood (Brandt and Katz) 
and which disappear after removal of the 
adrenal tumor (Lenhartz). 

(9) Conditions which are known to in- 
crease the secretion of adrenalin, such as 
tobacco smoking (Cannon, Aub and Bin- 
ger; Eichholtz; Stewart and Rogoff; Kobro; 
Raab’) or overdosage of insulin (Brandt 
and Katz; La Barre and Houssa; Kugel- 
mann; Raab’) or breathing of low oxygen 
concentrations (Cannon and Hoskins) are 
likely to elicit anginal symptoms (Kilbs; 
Deneke; Strauss; Hadorn; Schénbrunner; 
Rothschild and Kissin; Levy, e¢ a/.). 

Large doses of roentgen rays applied to 
the adrenal region of animals have been 
found to be followed by structural changes 
of the adrenal glands (Harvey; Cottenot; 
von Decastello; Grabfield and Squier; Hol- 
felder and Peiper; Martin, Rogers and 
Fisher; Tsuzuki; Desjardins; Engelstad and 
Torgersen). These changes concern chiefly 
the cortex, although the medulla was also 


Adrenalin inj. | 
— 
— 
— | 


100 


Normal 


Exercise 
Cold bath 
Insulin inj. 


Percent of normal 0 200 300 

Itc. 1. Concentration of adrenalin and adrenalin-like 
substances in the heart muscle of the white rat. 
The white squares indicate the average normal 
concentration per gram of myocardial tissue; the 
black areas indicate the increase of hormonal ma- 
terial beyond normal under experimental condi- 
tions: Subcutaneous injection of 2.5 of adrenalin 
per gram body weight; swimming in a pool for 
six to fifteen minutes; a cold bath of 5° C. for ten 
minutes; subcutaneous injection of an average of 
eight units of insulin, 
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found to participate in part of the experi- 
ments. 

Recent experiments carried out by us on 
rats showed that single doses of 100 and 
1,000 roentgens caused only slight changes 


Controls 
100 r 
1000 r 
colorun./gm © 200 400 600 800 1000 1200 


Fic. 2. Adrenalin plus adrenalin-like substances in 
the heart muscle of the rat following physical exer- 
cise (swimming in cold water). Two months after 
irradiation of the adrenal region with 100 and 
1,000 r respectively the total concentration of the 
hormonal substances in the heart appears dimin- 
ished, probably due to diminution of the excess 
influx of this material into the heart muscle which 
is normally taking place during exercise (compare 


Fig. 1) (Raab and Soule). 


of the content of the adrenal glands in ad- 
renalin and related catechols within two 
months. However, the accumulation of 
such hormonal material in the heart muscle 
following physical exercise was distinctly 
diminished two months after irradiation of 
the adrenal region (Fig. 2). 

Desjardins, Frey, and Engelstad and 
Torgersen, in contrast to earlier investiga- 
tors, reached the conclusion that the roent- 
gen-ray sensitivity of normal adrenal 
glands is not greater than that of other tis- 
sues. However, the roentgen-ray sensitivity 
of living cells increases with the degree of 
their activity (Holzknecht’s law) and the 
state of overactivity of the adrenal medulla 
and of its nervous secretory apparatus 
which seems to prevail in angina patients, 
as discussed above, makes the possibility 
of a beneficial, normalizing effect of roent- 
gen treatment upon the adrenal glands of 
angina patients and upon their nervous 
supply plausible, even with a dosage which 
does not suffice to cause any damage to the 
glands. 

The results of irradiation of the adrenal 
glands in 100 European patients with an- 
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W. Raab and A. B. Soule, Jr. 


Marcu, 1944 


Tas_e | 
IMPROVED CASES 
Coronary Improvement Other 
Dura- Electro-| Throm- — - Medication 
N Age Sex P ‘ | tion  cardio- bosis Complications Date of Dura- after 
NO, ressure ity De- 
(yr.) gram (years l'reatment tion Roentgen 
ago) ie (mo.) Treatment 
1 | 64 | | 170/100 M 7/39 +++ 45 Quinidine 
2 47 | 100/70 M 24 10/39 ++ 32 
§/40 II 
3 | 50 | | 216/98 M 2 1 Spinal 9/39 +++ 42 
arthritis + 
4 | 58 | | 142/80 S + Temporary 10/39 +++ 30 Digitalis 
decompensation (1) 
+++) 19 
5 | 63 | & | 160/80 M 8 5/40 36 
6 | 54 | 9 | 200/100| M 1 Temporary 4/40 ++ Digitalis 
decompensation, 12/40 (2) 
Died 11/43 + 20 
(13) 
7 69) & | 118/80 M 3 + - Temporary 4/40 ++ 5 Digitalis 
decompensation.) 1/41 + 5 
Br. asthma +++ 32 
8 | 60 | & | 175/96 M 5 ++ - Spinal 12/40 +++ 12 - 
arthritis + + 7/42 + I 
++ 6 
TT? 17 
9 | 47 | & | 155/100 S + Spinal 12/40 + 4 - 
arthritis + | 4/41+Th.*) +++ 26 
10 | 35 | & | 166/78 I 14 ++ — Hyperthy- 2/41 +++ 11 - 
roidism ot 7 
+++ 8 
71 | 126/55 6 ++ 2 - 2/41* + 2 Theocalcane 
4/41" 7 
11/4! ++ 18 
12 | $3 | @ | 190/106 | M 14 + 143 4 3/41 +++ 26 - 
13 | $9 | & | 1§0/70 Ss 3 + 3 Temporary 10/39 ++ 9 Digitalis 
decompensation. | 7/41 (11) 
Died 8/42 ++ 5 
| (9) 
14 | 57 | @ | 170/86 S 2 ++ Pernicious ane- 6/41 + 2 | Liver extract 
mia. Spinal 8/41 +Th. ++ 9 
arthritis + + +++ 12 | 
15 | 67 210/110 | §S 6 ? -- Temporary 9/39 ++ 6 Digitalis 
decompensation 4/40 (4) 
Spinal +++ 6 
arthritis + + 4 
16 | 72 | | 156/80 M 6 + 3/41 ++ | 8 
12/41* + | 18 
17 | 55 | | 148/86 M 1} + Spinal 12/40* (4) ~ 
arthritis + 2/41* 13 
9/41 +Th. + 10 
18 | 56 | 170/110 S 10 12/40 2 
3/41 +++/ 18 
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Tas_e I—(Continued) 
| Coronary | Improvement | Other 
Dura-  Electro-| Throm- Medication 
Case Blood | | Date of 
: ge Sex Sever-| tion | cardio- bosis Complications | | Dura- after 
No Pressure | ~. | | Treatment | De- 
ity | (yr.) | gram (years | tion Roentgen 
ago) (mo.) Treatment 
19 60 | 160/88 L | 4 3/41 +++ 8 
3/42* + 3 
9 
20 | 60 | | 160/86 | 4 Meteorism | 7/41 +++ | 2 
20 
21 56| | 180/110 | 24 Aerophagia 5/41 - (3) | Theobromine, 
Died 2/43 8 /41* + | 4 quinidine 
++ 6 
+++ 8 
22 | §1 | @ | 166/80 S 2 + Diabetes 7/41 +> 2 
9/41* ++ 20 
23 | 72 | | 160/80 M ++ 7/41 ++ 2 — 
+ 20 
24 | 61 | 160/g0 M 12 5/40 16 
25 | 60 | | 140/100 M 3 + 7/4l 22 Thiamine 
26 | 58 | | 140/100! 4 + i} Spinal 10/41 
arthritis + 7/42 ++ II 
27 | 75 | | 176/90 M 3 2 | Spinal 12/41 +++ 6 Aminophylline 
| arthritis + + 2 
+++ 16 
28 | 62 | & | 130/82 M 1} oe — | Died 8 /41 1/41 +++ 7 wnt 
29 | 64 | @ | 220/112 | S 2 ++ — Died 2/42 2/41 ++ | 5 on 
? (7) 
30 |.63 | o& | 186/100 M 5 cs 5 Died 2/43 3/42 ++ 4 — 
+ 2 
31.175 | | 198/118 | M 3 — 10/41 (7) | Theobromine 
6/42 18 


S =severe; M =medium; L =light. 


* Treatments carried out in other places with supposedly the same technique. 


gina pectoris have been published previ- 
ously by one of us (Raab’). Seventy-six 
of these patients were either entirely freed 
of their complaints or at least improved for 
an average period of twelve and a half 
months, calculated until the time when 
further follow-ups became impossible for 
technical reasons. 

In this country 42 typical angina cases 
have been examined and treated by us 
since July, 1939. Thirty-one of these were 
males, 11 were females. 

As shown in Tables 1 and 1, the cases 
were classified as severe (S: daily intense 


attacks brought about by slight exertion, 
etc., and also occurring at rest), medium 
(M: attacks less frequent or less intense and 
uncommon at rest) and light (L: attacks 
occurring only now and then or of a mild 
degree). 

The technique of treatment consisted in 
a series of six single treatments on consecu- 
tive days; three to the left upper quadrant 
of the abdomen, posteriorly, and three 
to the right, the left and right areas being 
treated on alternate days. Two hundred 
roentgens, measured at the skin, were 
administered at each treatment. Thus, each 
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Taste Il 
UNIMPROVED CASES 
| Coronary | | | Improvement | Other 
Dura- | Electro-| Throm- | 
Case Age Sex Blood Sever- tion | cardio- bosis Complications | Date of | Dura- | after 
No. | Pressure | ity | | Treatment De- . | R 
| (yr.) gram | (years oentgen 
| ago) | 8 | (mo.) Treatment 
32 | 48 | 140/100 S 8 ++ 3/41 (5) 
6/41* + 2 
| | | 8 /41* (4) 
33 | 66| @ | 170/90 | S | 5 ++ 5 Spinal 3/41 | (5) | 
arthritis + + 5/4! + | I 
| | 10/41 +Th. -| 
24 | 60 | | 132/80 M | 10 + 10 11/41 | | — 
j 3/42° - | 
35 | 34] | 250/170 | S 24 Temporary 3/41 | Digitalis 
decompensation 5/41 
8/40 
37 | 63. | & | 170/110 | mM | 4 + — Spinal 9/41 +++ I | Theobromine 
| arthritis + + 12/41 
Died 2/42 (3) | 
38 | 66 | | 126/66 | M | 4 3/41 + 2 | 
| — | (12) | 
39 | §2 | 118/74 — 1/41 — 
4° | 47 | 9 124/62 M | 4 — — 3/41 ++ I | = 
a LJ | -| @ | 
41 64) 230/130 | L | to + Paroxysmal 1/4! 
tachycardia 
| 130/76 | ++ Thyroidectomy | 10/40 - | Thyroid 
| 6 yr. ago 
| | (B.M.R. —19%) 
* Treatments carried out in other places with supposedly the same technique. 
area was given 600 r as a total dose per mum intervals between two successive 


series. The other technical factors were: 
200 kv. (peak), 20 ma., 50 cm. target skin 
distance, 1.5 mm. Cu plus 1.0 mm. Al filter; 
size of fields 15 by 15 cm. 

Several patients with evidence of associ- 
ated hypertrophic spinal arthritis were 
given supplemental irradiations to the 
thoracic and cervical spine, a single dose of 
200 r being administered to each involved 
area through a Io by 15 cm. cone. 

In a number of instances the series of 
treatments over the adrenal region was re- 
peated either by the one of us (Soule) or by 
other roentgenologists in other places. 
When the latter was the case, it is indicated 
by asterisks in Tables 1 and 1. The mini- 


series of treatments were six to eight weeks. 


RESULTS 


Complete disappearance or marked im- 
provement (+++) of the anginal symp- 
toms for six to forty-five months occurred 
in 38 per cent of the 42 cases; another 33 
per cent were considerably improved (+ +) 
from five to forty-three months; 3 per cent 
were only slightly improved (+), and 26 
per cent remained unimproved ( —). Among 
the latter 11 cases only 2 had received the 
full three series of treatments, and thus are 
to be qualified as definite failures. 

In the improved cases the average num- 
ber of series of treatments given was 1.6. 
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The duration of uninterrupted improve- 
ment ranged between five and forty-five 
months, with an average total duration of 
twenty-four months, up to date. Tempo- 
rary complete relapses with the symptoms 
as intense as before treatment occurred in 
sixteen per cent of the improved cases, and 
complete relapses still continuing at the 
time of the patient’s last report or ending 
in death in 10 per cent. 

Blood pressure, electrocardiogram and 
other clinical features could not be followed 
as carefully as in the European material 
since most of the patients discussed in the 
present series had come for treatment from 
distant places and remained in contact 
with us only by correspondence. 

In 8 hypertensive cases there was no 
significant change of the blood pressure 
despite a marked improvement of the an- 
ginal symptoms (average 175/81 before 
and 184/83 mm. Hg after treatment). The 
same had been true in the hypertensive 
European patients whose anginal com- 
plaints were improved. 

In 6 cases a pathological electrocardio- 
gram at rest showed partial or complete 
normalization. Electrocardiograms after 
exercise were not carried out in this series. 

Eleven of the 31 improved cases contin- 
ued the use of various drugs after the roent- 
gen treatment, as indicated in Table 1, for 
varying periods of time. 

In 7 cases in whom abnormally intense 
discharges of adrenalin proper and adren- 
alin-like substances (catechols) into the 
blood stream had been observed in con- 
nection with physical exercise, these dis- 
charges disappeared as soon as clinical 
improvement had set in (Fig. 3) and reap- 
peared in 1 case during a relapse. 

Death occurred in 7 of 42 patients 
treated within a period of four and a half 
years. Three of these (No. 21, 28 and 30) 
died suddenly during a state of clinical im- 
provement, apparently from coronary oc- 
clusion; 2 cases (No. 21 and 28) had been 
practically free of anginal complaints for 
periods of several months until death. 


Three others (No. 6, 13 and 29) died during 
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relapses of their anginal condition after 
temporary improvement; 1 patient (No. 
37) who had been classified as unimproved 
died from pneumonia. In Case 13 an autop- 
sy was performed. The medium sized 
coronary branches were sclerotic. The ad- 
renal glands appeared normal grossly. 
Microscopically ‘‘the adrenal cells were 
well preserved. The cells of the zona 
fasciculata and the zona reticularis ap- 
peared unusually foamy.” The kidneys 
showed signs of passive congestion and 
moderate atheromatosis of the arterioles. 


Normal Angina pectoris 
Untreated  4-Gweeks Sk-8months 
230 after treatment 
220 
210 
200 
190 


OA 


140 


minutes 10 15 
14 cases 


os 15 
T cases 


Fic. 3. Reaction of the blood level of adrenalin and 
adrenalin-like substances to a standard physical 
exercise test (climbing stairs) in normal persons 
and in angina patients before and after roentgen 
irradiation of the adrenal region (average curves). 

(In a previous publication (Raab) the figures 
given in these curves were interpreted as repre- 
senting “adrenocortical compounds.” Later inves- 
tigations have shown, however, that cortical ste- 
roids do not participate and that the chromogenic 
material which is expressed in color units per cubic 
centimeter of blood consists essentially of adrenal- 
in proper and of adrenalin-like catechols (Raab-).) 


One patient who is not included in Table 1, 
a man aged forty, with severe attacks of 
only a few months’ duration following a 
coronary occlusion, died two weeks after 
the first series of treatments from an oc- 
cluding hemorrhage under the intima of the 
right coronary artery. The adrenal glands 
appeared normal at autopsy. 

Most of the patients from out of town 
were questioned about their condition at 
repeated intervals. Since the subjective 
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Taste III 
_ Patients Treated in Burlington | Patients Treated in Vienna 
| (1939-1942) | (1936-1938) 
42 cases 100 cases 
Improved Unimproved Improved | Unimproved 
Number 74% 26% 76% 24% 
Age $9 yr. $s yr 60 yr. 60 yr. 
Males 74% 73% 84% 87% 
Females 26% 27% 16% 13% 
Pathological electrocardiogram at | 
rest 77% 73% 50% 30% 
Coronary infarction before treat- | 
ment 22% 18% 6% 1% 
Spinal arthritis 22% 18% 20% 21% 
Severe cases 39% 46% 28% 50% 
Medium cases 55% 46% 58% 38% 
Light cases | 6% 8% 14% 12% 
Duration of angina pectoris before 
treatment (average) 4 yr. $3 yr 3h yr 54 yr. 
Systolic blood pressure (average) 164 mm 164 mm 154 mm. 172 mm. 
Average duration of improvement | 24 mo — 12} mo. — 
Reported cardiac deaths* 14% o% 1.3% 4% 


* The discrepancy between the percentages of reported cardiac deaths in the American and the European cases may be due in part 
to the shorter total period of contact with the latter and the lack of further reports about their fate. 


reaction of angina patients is the most de- 
cisive criterion of therapeutic results, some 
of the written answers received will be 
quoted in brief abstracts (the first and, if 
any, the second and third series of treat- 
ments will be indicated as J, JJ, III): 


Case 1 (M): 34 months after 7: “I can walk on 
even level. Cold weather does not affect me.... 
There is no comparison how much better I feel now 
than before treatment.”—38 months after 7: “I am 
happy to state that my last report still holds good.” 
—46 months after 7: “No change.” 


Case 2 (M): 32 months after /: “I feel very much 
better than before treatment but my breathing is 
very short.... I have made my own garden this 
year.”’—43 months after 7: “I walk good now but 
slow, am better than before treatment.” 


Case 3 (M): 33 months after /: “Feeling fine and 
am not bothered with any pain.”—43 months after 
I; “Feeling fine, everything OK.” 


Case 5 (M): 25 months after /: “If I move slowly 
and take my time in my work, my chest gives little 
trouble .. . cold weather didn’t seem to affect the 
pain.... The treatment did give considerable re- 
lief.” —37 months after 7: “Am at present working 
every day, do not feel any pain unless I hurry. In 
cold weather I still get pains. . . . Condition better 
than before treatment.” 


Case 7 (M): 26 months after /: 16 after JJ: “I 
have no chest pain. ... A great deal better than be- 
fore treatment.”—42 months after /: 32 after //: 
“Continually free of chest pain.” 


Case 8 (M): 19 months after /: “I rarely ever have 
any chest pains or distress, except when I indulge in 
over-eating. .. . It is my impression that the treat- 


‘ 


No. 3 


ments have given me great relief.” —36 months after 
7; 17 months after /7: “Glad to say that I am well.” 


Case g (S): 17 months after J; 13 after J7: “No 
chest pain or distress, can walk and do other routine 
physical exercise.”” Work involved “continual walk- 
ing, chopping brush, etc., and it was all carried out 
without distress.””—30 months after J; 26 after J/: 
“Improvement almost 100 per cent.” 


Case 10 (L): 16 months after 7: “Decidedly im- 
proved.... / Am able to do the routine work as a 
janitor but not to shovel snow, carry heavy loads up 
stairs, etc.”—26 months after 7: “No distress ex- 
cepting one day when engaged in unusual physical 
activity. ... Greatly improved.” 


Case 11 (S): 16 months after J; 7 after J//: “I 
have been greatly improved. I only take a nitro- 
glycerine tablet once or twice a month. I am able to 
do routine household duties with much greater ease. 
I can’t walk well in windy or cold weather.”—27 
months after 7; 18 after ///: “I feel that my condi- 
tion is good. . .. Much improved but still chest pain 
from cold and windy weather. Over-eating causes 
distress.” 


Case 12 (M):15 months after J: “There is no com- 
parison with the condition before treatment... . I 
find it a pleasure to walk and am able to climb stairs 
and come up the hill without any after effects. I am 
now able to do almost everything.”—26 months 
after 7: “Even further improved. Have been able to 
do all things with more ease.” 


Case 14 (S): 13 months after J; 11 after J7: “Very 


much improved.... No chest pains. Am able to 
walk short distances, also to do my few household 
ee A great deal of relief up to and including 


the present time.””-—23 months after J; 21 after J/: 
“Much the same; much better than before treat- 
ments.” 


Case 16 (M): 13 months after J; 4 after //: “The 


treatments have given considerable relief.... I 
walk a mile or more each day.... Reactions to 
emotions and cold not so good.... Am decidedly 


better than before treatment.”—26 months after J; 
17 after 77: “Not much further change.” Altogether 
“considerably improved.” 


Case 17 (M): 16 months after J; 14 after J7: “My 
condition is improved. . . . Still have daily manifes- 
tations, even though mild, of chest distress brought 
on by walking.” —27 months after J; 25 after J; 18 
after JJ: “No further change.” 


Case 18 (S): 12 months after J; 9 after JJ: “I feel 
a whole lot better than it was before the two treat- 
ments. I hunted deer five days and ran a trap line for 
three weeks . . . and have done a lot of walking and 
mountain climbing. ... I couldn’t have done these 
things a year ago or a tenth part of it.”—29 months 
after J; 26 after JJ: “Working 60 hours a week on 
defense work in a machine shop.... Can walk 
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miles if do not eat. ... Most distress after supper. 
Walking uphill bad but very much better than before 
treatment.” 


Case 19 (L): 15 months after J; 3 after 77: “I am 
infinitely better than before the treatments. They 
have greatly relieved my chest complaints. I can 
walk a dozen squares now . . . when I could not walk 
two before.”—21 months after J; 9 after JJ: “Still 
much benefited by the treatment. ... Have reac- 
tions after effort but as long as I am careful I am 
wonderfully well.” 


Case 20 (S): 11 months after 7: ““Condition better 
than before treatment. ... At times there is a re- 
currence of the pains in the left shoulder but not 
nearly so frequently nor so severe.”—22 months 
after 7: ““The same or perhaps slightly better.”’ Al- 
together “most decidedly improved.” 


Case 21 (S): 13 months after J; 9 after 77: “Am 
much better... . / Attacks of chest pain increasingly 
fewer and much milder. I have had as much as two 
weeks on end of freedom from pain. Discomfort and 
pain spells after meals have almost completely dis- 
appeared. ... Feel very happy about the wonderful 
improvement.”’—Died suddenly after 8 more months 
without attacks (according to letter from his widow). 


Case 22 (S): 11 months after J; 9 after 77; “My 
condition is much better than before treatment. . . . 
I just have a little trouble getting undressed and to 
lie down in bed. Just for a minute.”—22 months 
after J; 20 after J/: “I am doing swell. I even walk 
up and down stairs without trouble... . The treat- 
ments have given me wonderful relief.” 


Case 23 (M): 11 months after 7: “Am much better 
than before the treatment. Can do light work if I 
start off gradually. Can walk leisurely, but not far 
at a time, without stopping to rest when I feel the 
chest pains.””—22 months after J: “Much better than 
before treatment but cannot walk much or do any- 
thing strenuous, especially if cold and windy.” 


Case 25 (M): 10 months after J: “I am doing 
much better this year than last. I can walk better, 
eat better and do my work much easier.”—22 
months after 7: “Better than before treatment, but 
cold bothers and pain if I exercise after meals.” 


Case 26 (S): 7 months after 7: “I am much bet- 
ter.... Pain improved considerably. I can walk 
about a block before I begin to get pains. . . . Emo- 
tions, cold weather and meals seem to be about the 
same as before.”—18 months after J; 10 after J/: 
“Am suffering much less pain in chest.” 


Case 28 (M): 8 months after J: “I am working 
five days a week and am feeling very well. I walk a 
couple of miles a day and feel fine for it but a couple 
of times when the wind was blowing hard I felt a 
slight pain but it left right away.” (Climbs 22 steps 
every hour 40 times a week).—Died suddenly one 
month later. 
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Case 29 (S): § months after /: “I am feeling much 
better now and by being careful do not suffer much 
pain.” —Died 7 months later. 

Case 30 (M): 4 months after /: “I am distinctly 
improved regarding pain. My ability to walk is dis- 
tinctly improved.”—7 months after /: “Still defi- 
nitely better than before radiation therapy... . 
However pain of moderate severity is becoming 
more easily produced either by exertion or from emo- 
tional stress.” —Died 5 months later. 


Case 31 (M): 3 months after //: “Decided relief 
from chest complaints. . . . I have less pressure and 
with a pause now and then things get normal.”—18 
months after //: “Feel fairly good. Got employment 
as messenger, am out of doors quite a bit.” 


Nine patients who had been incapaci- 
tated through their anginal symptoms re- 
sumed work: 2 as farmers (No. 5 and 7), 1 
as a foreman in a factory (No. 28), 1 as a 
restaurant chef, later going into defense 
work (No. 18), 1 as a cook (No. 6), 1 asa 
civil engineer (No. 9), 1 as a minister (No. 
21), 1 as a bookkeeper (No. 17) and 1 asa 
messenger at the age of seventy-six (No. 
31). 

DISCUSSION 


The results of roentgen irradiation of the 
adrenal glands in angina pectoris in the 
above described series of American patients 
are similar to those obtained in Europe by 
one of us (Raab*) and by other investiga- 
tors. 

Hadorn (Berne) applied the method “‘in 
12 cases of ambulatory angina pectoris, 
partly of the severest degree, which had 
been treated unsuccessfully for a long time. 
The effect was an immediate one in 7 
cases.” In 1 case a normalization of the 
electrocardiogram which had been per- 
sistently pathological for four years, ac- 
companied the subjective improvement. 

Lippross (Dresden) reports 4 cases with 
the conclusion: “In severest cases of status 
anginosus we achieved the best results with 
roentgen-ray irradiation of the adrenal 


glands as suggested by Raab.” 

Professor A. Schittenhelm, head of the 
Second Medical Clinic of the University of 
Munich writes: ““My experiences are only 
limited but still of a kind that I would rec- 
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ommend under all circumstances radiation 
therapy to every patient with angina pec- 
toris. . . . It would have to be applied over 
both adrenal glands and possibly also over 
the cervical and upper thoracic portion of 
the sympathetic system.” According to a 
personal communication received in 1941 
from Professor Schittenhelm, several of his 
successfully irradiated patients had re- 
mained free from relapses for periods of two 
years. 

In this country the disappearance of pre- 
cordial distress in 5 patients treated for 
arterial hypertension with combined ir- 
radiation of the pituitary and the adrenal 
glands was mentioned as early as 1935 by 
Hutton. 

Graybiel in a review on “Diseases of the 
Heart” makes the following comment on 
the observations of one of us on 100 cases 
(Raab?) : “We are frankly skeptical of these 
results, having used a similar procedure in 
a small number of cases without success.” 
In a personal letter Dr. Graybiel mentions 
an improvement in “two or three” patients 
which “‘might well have come within the 
realm of individual variability.”’ Appar- 
ently only 400 r and only one single series 
of treatments had been applied in his pa- 
tients. 

Untoward side-effects were never ob- 
served by us or mentioned by any one of 
the above named investigators, except a 
lack of appetite or moderate nausea in 
about 15 per cent of the cases, lasting for 
only a few days. No signs suggestive of 
adrenal insufficiency were ever observed. 
Thus, the warning with which a number of 
patients were cautioned against the treat- 
ment that it is “dangerous” and “likely to 
produce Addison’s disease’ appears en- 
tirely unfounded. 

In none of 7 patients in whom the ad- 
renal hormone level in the blood at rest was 
determined did it fall below normal limits 
after roentgen treatment of the adrenal 
glands (Raab?). In 3 irradiated cases (one 
of them in Europe) who had died, no signifi- 
cant structural changes of the adrenal 
glands were found at autopsy, except “un- 
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usually foamy cells” in the cortex of Case 
13, more than one year after treatment 
when he died of cardiac failure. The adrenal 
cells were “well preserved” in this case. 

The essential effect of the treatment 
seems to consist in the abolition of ab- 
normally intense adrenalin discharges on 
effort, etc., through suppression of an exist- 
ing state of abnormal irritability of the 
nervous mechanism of adrenal medullary 
secretion. The abnormally intense dis- 
charges on physical exercise disappeared in 
all of 7 patients who were subjected to this 
test after successful therapeutic irradiation 
of the adrenal glands (Fig. 3). These ob- 
servations tend to support the conception 
of Celotti and Gouin and Bienvenue that 
moderate roentgen-ray doses applied to the 
adrenal region exert their functional effects 
mainly by influencing the supplying nerv- 
ous sympathetic structures and through 
“restoration of functional equilibrium.” 

While the rationale of the treatment in 
question makes its beneficial effects easily 
intelligible, it appears more difficult to ex- 
plain the failure to respond of a substantial 
percentage of cases. Insufficient dosage 
alone can hardly be made responsible in a 
fraction of these: 12 of the 24 unimproved 
patients of the European series and 2 of our 
11 unimproved American patients had 
received the full dose of three series, or 
even more, without effect. 

Attempts to detect any clinical charac- 
teristics of the non-responding patients 
regarding age, sex, electrocardiogram, past 
myocardial infarctions and other compli- 
cating factors, such as hypertrophic spinal 
arthritis, were to no avail (Table 1). Only 
a somewhat longer average duration and 
greater severity of the disease before appli- 
cation of treatment in the non-responding 
patients seemed to be of a certain, though 
limited, significance. 

The fact that adrenalin is formed not 
only in the adrenal glands but also by sym- 
pathetic nerve fibers in the peripheral vas- 
cular system and in the heart muscle itself 
(Cannon and Lissak) and that stimulation 


of these nerves increases the myocardial 


oxygen consumption in the same manner as 
adrenalin does (Gollwitzer-Meier, Kramer 
and Kriger) suggests the possibility that a 
prevalence of this local “adrenergic” mecha- 
nism within the heart muscle makes roentgen 
irradiation of the adrenal glands alone in- 
sufficient in certain cases. 

The observations of Desjardins and 
others in regard to a specific depressant ef- 
fect of roentgen rays upon the irritability 
of nerve cells may furnish the explanation 
for the beneficial action of paravertebral 
and precordial irradiation in angina pec- 
toris as described by Beeck and Hirsch, 
Morlet, Torbett, Lian, Nemours-Auguste 
and Barrieu, Gilbert, Arrillaga, Sussman, 
Samuel and Bowie, Holmes, and Wasch 
and Schenck. 

In our own material paravertebral cervi- 
cal and thoracic irradiations were added to 
the adrenal treatments in 4 cases with hy- 
pertrophic spinal arthritis. In 2 of these 
cases this combined form of treatment 
seemed to improve the results (Cases 9 and 
14). The same had been true in 6 of 18 pa- 
tients treated in Vienna in a similar man- 
ner. 

The fundamental importance of hor- 
monal cardiometabolic factors in the patho- 
genesis of angina pectoris is evidenced by 
a variety of facts: males are very much 
more afflicted with this disease than. fe- 
males. It becomes apparent, as a rule, at 
the age of sexual involution. In castrated 
animals the adrenalin concentration of the 
heart muscle is increased (Raab*), and the 
latter displays metabolic alterations which 
are identical with those elicited by adren- 
alin (Schumann). These changes are nor- 
malized through the administration of sex 
hormones (Schumann). Favorable thera- 
peutic results with sex hormones in angina 
pectoris were reported by Henssge, Pick, 
Arndt, Scherf (including normalization of 
the electrocardiogram), more recently also 
in this country by Walker, Bonnell, Pritch- 
ett and Rardin, Lesser, Hamm, McGavack. 
Also thyroidectomy has proved to be of 
therapeutic value in angina pectoris (Lev 
and Hamburger, Blumgart, Levine and 
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Berlin, Claiborne and Hurxthal, Clark, 
Means and Sprague, et a/.). Since adrenalin 
was found to accumulate in the heart 
muscle in maximum concentrations and 
with maximum speed under the influence 
of the thyroid hormone (Raab*) it seems 
that the therapeutic effect of thyroidec- 
tomy consists essentially in a protection of 
the heart against the influx of high adren- 
alin concentrations. 

Against the assumed value of roentgen 
treatment of the adrenal glands for angina 
pectoris the objection has been raised (von 
Zimmermann-Meinzingen) that the im- 
provements observed might be of a merely 
psychic nature. Although such factors may 
play a réle in some of the improved pa- 
tients, it seems difficult to attribute to 
them a general importance for the follow- 
ing reasons: 

(1) It is unlikely that purely imaginary 
improvements of previously stubbornly in- 
tractable anginal attacks should persist 
uninterrupted for many months and even 
over periods of years. Only 4 out of 23 im- 
proved European patients who were ex- 
posed to extreme excitement and fear suf- 
fered permanent relapses. 

2) In many cases the improvement was 
not felt earlier than several weeks after the 
treatment or after a second or third series. 
One would expect a purely psychic reaction 
to take place immediately when the patient 
is still under the fresh impression of the 
procedure. 

(3) The chemically demonstrable disap- 
pearance of the causative abnormal adren- 
alin discharges during exercise (Fig. 3) and 
the normalization of exercise electrocardio- 
grams (Raab and Schénbrunner) after the 
treatments are objective criteria of im- 
provement. 

More important seems the possibility of 
spontaneous improvements and recoveries 
which are not uncommon in angina cases 
as pointed out by Levine and White. 
However, it appears extremely improbable 
that such spontaneous turns toward the 
better should have occurred and persisted 
in 107 out of 142 patients and that they 
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should have coincided with the time of 
treatments as closely as can be seen from 
the graphic “complaint curves” (Raab*). 

Nevertheless it would be highly desir- 
able to have extensive series of both real 
and sham treatments carried out in medi- 
cal centers with a large out-patient material 
and to have the results followed and ana- 
lyzed in a critical and unbiased manner, 
not only for practical reasons but also for 
the purpose of throwing more light upon 
the problem of the biochemical origin of 
the angina pectoris syndrome. 

It should be re-emphasized in this con- 
nection that seemingly non-responding 
patients who have received less than three 
series of irradiations within about one year 
must not be classified as definite failures 
since one or even two series prove not in- 
frequently an insufficient dose. 

The occurrence of a coronary occlusion 
is to be regarded as a definite contraindica- 
tion to the treatment for a period of two 
to three months. An existing state of car- 
diac decompensation should be controlled 
with digitalis, and so forth, before treat- 
ment is begun. Patients with arterial hypo- 
tension or with tuberculosis should not be 
given roentgen treatment. 


SUMMARY 


Rationale. Angina pectoris on effort, emo- 
tion, and so forth, is believed to be due 
essentially to the well known acutely an- 
oxiating effect of adrenalin discharges from 
the adrenal glands upon the heart muscle, 
the sclerotic coronary arteries of which are 
unable to dilate adequately and thus to 
overcome the resulting myocardial anoxia. 
Clinical and experimental evidence is pre- 
sented for this theory. 

The state of abnormal irritability of the 
adrenal secretory mechanism which was 
found to be a characteristic of angina pa- 
tients could be abolished through roentgen 
irradiation of the adrenal region without 
ensuing damage to the basic normal func- 
tion of the glands. This was demonstrated 
objectively by quantitative chemical hor- 
mone determinations in the blood before 
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and after treatment and by the normaliza- 

tion of pathological electrocardiograms. 

Therapeutic Results. Of 42 typical angina 
patients treated in Burlington, Vermont, 
with irradiation of the adrenal region, 74 
per cent were either completely freed of 
their anginal complaints or at least im- 
proved for periods ranging between five and 
forty-five months with an average of two 
years up to the present. 

Nine of the 11 unimproved patients had 
not received three series of roentgen treat- 
ments and thus cannot be considered as 
definite failures. 

No untoward side effects were noted ex- 
cept short episodes of nausea in a few cases. 

Death occurred in 7 out of the 42 pa- 
tients treated during the past four and one- 
half years. 
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EFFECT OF ROENTGEN THERAPY ON THE HEART 


1932, Desjardins! made an exhaustive 
review of the medical literature dealing 
with the action of roentgen and radium 
rays on various organs of the body. He 
found all the evidence available at that 
time pointing to the fact that the specific 
radiosensitivity of the heart is definitely 
less in comparison with that of most of the 
other organs and that ordinary therapeutic 
doses of radiation exert no injurious effect 
on it. In particular, the animal experiments 
indicated that, to produce direct degenera- 
tive changes of the heart muscle, extremely 
high doses, surpassing many times those of 
clinical practicability, were necessary. 
Changes were at times obtained from 
smaller doses but they were thought to be 
secondary to inflammatory reaction in- 
duced in the lungs which are considerably 
more susceptible to irradiation damage 
than the heart or to represent the effect of 
the circulation through the organ of toxic 
products from more generalized irradiation 
and accompanying disturbances of nutri- 
tion. In young animals (embryos) a retard- 
ing growth effect of the rapidly developing 
heart was noted. However, this, too, was 
explained on the basis of general inhibition 
of growth of the organism as a whole rather 
than a specific action of the irradiation on 
the heart itself. 

The animal experiments as well as clini- 
cal observations further indicated that ir- 
radiation, either by the use of roentgen rays 
or radium, does not have a direct effect on 
the blood pressure, although a fall may 
result indirectly from a general systemic re- 
action or certain depressive effects on the 
vasomotor centers. 


' Desjardins, A. U. Action of roentgen rays and radium on the 
heart and lungs. Am. J. Roentcenot. & Rap. THERAPY, 1932, 27, 
149; 303; 477. 


Since Desjardins’ publication, there have 
been few additional contributions to the 
literature. It appears that the conclusions 
reached represented the final answer to the 
problem and that nothing worth while 
could be gained from continuation of the 
investigations. 

During the last few years, however, the 
ever increasing popularity of the fraction- 
ated protracted method of irradiation with 
very large cumulative doses and the grad- 
ual extension of high voltage roentgen ther- 
apy to the supervoltage and megavoltage 
fields have created new clinical situations 
which make the opening of the subject very 
desirable both from the experimental and 
the clinical standpoint. It is fortunate, 
therefore, that Leach and his coworkers 
have undertaken the first step in this direc- 
tion and that in several subsequent pub- 
lications, the series of which is not yet 
complete, they have brought to light valu- 
able new information which cannot fail to 
enrich the clinical knowledge of the radio- 
therapist. 

The initial publications of the series deal 
with animal experiments. This study was 
made with the purpose of determining the 
immediate and late effect of roentgen rays 
on the heart of laboratory animals. As indi- 
cated in the series of Desjardins, there 
have been several authors who have in- 
vestigated the immediate effect, but there 
is apparently only one published record, 
that of Domagk? on the late effect. On the 
other hand, clinical experience shows that 
in other structures or organs, such as skin, 
subcutaneous tissue, muscle, bone, and so 
forth, late damage often results when the 
immediate effect following the irradiation 


2 Domagk, G. Gewebsveranderungen nach Réntgenbestrah- 
lungen. Ergebn. d. inn. Med. u. Kinderh., 1928, 33, 1-62. 
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was what, with our present methods of 
analysis, we would consider to be within 
normal limits. The question arose whether 
or not the heart would exhibit a similar be- 
havior. 

To answer this question, Leach and 
Sugiura® in a first series of experiments ac- 
curately established the physical magni- 
tude of the dose, expressed in roentgens, 
that can be administered to the heart of 
rats to produce a recordable immediate ef- 
fect. They used roentgen rays obtained 
with 200 kv., 0.§ mm. Cu, and irradiated 
the heart through a precordial window 1 by 
1.§ cm. in size, the entire animal being 
covered by lead. Since the fractionated 
protracted method of irradiation would be 
most difficult to carry out, large single 
doses of 1,500, 3,000, 5,000, 7,500, 10,000, 
and 20,000 r were given. The results of 
these experiments supported the conclu- 
sions of previous investigators that the 
heart is extremely radioresistant. The criti- 
cal dose for the myocardium was found to 
be 10,000 r or more, when capillary hemor- 
rhage, round cell infiltration, myocardial de- 
generation and necrosis followed. The peri- 
cardium and endocardium withstood doses 
up to and including 20,000 r. 

In their second series of animal experi- 
ments, Leach and Sugiura‘ extended the 
period of observation to from two to four- 
teen months after irradiation to determine 
if any late changes, particularly fibrosis, 
could be detected. Domagk? in his experi- 
ments found that fatty degeneration and 
necrosis was followed, after a time, by the 
interstitial proliferation of fibroblasts and 
therefore it was important to clarify this 
point. The irradiation was carried out with 
a technique identical with that of the first 
series and the doses were of the same mag- 
nitude. The results revealed that there was 
no demonstrable effect on the heart of rats 
using single doses up to and including 


* Leach, J. E., and Sugiura, K. Effect of high voltage roentgen 
rays on the heart of adult rats. Am. J. Roentcenov. & Rap. 
THERAPY, 1941, 45, 414-425. 

‘Leach, J. E., and Sugiura, K. Late effect of high voltage 
roentgen rays on the heart of adult rats. AM. J. Roentcenot. & 
Rap. THerapy, 1942, 48, 81-87. 
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7,500 r. As already stated, 10,000 r repre- 
sents the critical dose for the myocardium. 
If one could get a sufficient number of 
animals to survive such doses, it is likely 
that the immediate effect would give place 
to fibrosis of the myocardium, thus sup- 
porting the observations of Domagk. 

In extending these experiments, Leach 
and Sugiura further found that no late 
changes in the heart of rats could be dem- 
onstrated when the roentgen rays were ad- 
ministered over the lungs or thigh muscle 
and that pulmonary infection, when pres- 
ent, likewise remained without effect on 
the heart. To explain the extremely high 
radioresistance of the heart, as compared 
to other structures of the body, Leach and 
Sugiura accept the fluid flow theory of 
Failla.° They believe that it is compatible 
with this theory to assume that the myo- 
cardium can cope with the increased ionic 
concentration produced by the roentgen 
rays up to 7,500 r but above that the intra- 
cellular concentration becomes too high tobe 
consistent with normal metabolism of celllife. 

In coordinating the above experimental 
data with clinical facts, Leach and his asso- 
ciates made some interesting new observa- 
tions. A systematic study of several groups 
of patients since 1938 revealed in numerous 
instances definite disturbances of the heart 
and circulation following roentgen therapy 
for the treatment of cancer of different re- 
gions of the body. At first glance, this ap- 
peared to contradict the experimental re- 
sults and therefore investigations in other 
directions were in order. Leach, Farrow, 
Foote and Wawro® made an exhaustive 
study of the fibrosis of the lung occurring 
following roentgen irradiation for cancer of 
the breast. Soon afterward, Leach’ pub- 
lished his novel interpretation of the pul- 
monary physiology in chronic irradiation 


® Failla, G. Theory of biological action of ionizing radiations. 
Cancer Probl., Symposium, 1937, pp. 202-214. 

6 Leach, J. E., Farrow, J. H., Foote, F. W., Jr., and Wawro, 
N. W. Fibrosis of the lung following roentgen irradiation for 
cancer of the breast. Am. J. Roentcenor. & Rap. THerapy, 
1942, 47, 740-747. 

7 Leach, J. E. Abnormal pulmonary physiology as a result of 
chronic irradiation pleuropulmonitis. Am. J. Roentceno.. & 
Rap. THERAPY, 1943, 50, 772-778. 
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pleuropulmonitis, according to which the 
abnormal function of the thoracic wall, 
mediastinum and diaphragm is almost as 
important in causing the pulmonary dys- 
function as the pleuropulmonary fibrosis 
itself. Furthermore, there is evidence ac- 
cumulating that the cause of the pericar- 
ditis and adhesions between the pericardium 
and pleura in such instances is not a pri- 
mary roentgen effect, but extension of an in- 
flammatory reaction to those membranes 
from the contiguous lung. These observa- 
tions are important as we shall see from the 
point of view of correct electrocardio- 
graphic interpretations. 

In two very recent papers,*:® Leach fi- 
nally presented the results of his painstaking 
clinical observations on the effect of the 
roentgen rays on the heart of humans. For 
this study 85 patients were chosen and in 
order to obtain comparable data they were 
placed in three groups. Group 1 included 
those with cancer of the head, neck, female 
genital tract and rectum, in which no radia- 
tion therapy was delivered to the thorax. 
Group 1 included those with malignant 
lymphoma or teratoma in which the ir- 
radiation was rather general, always ex- 
tending to the thorax. Group m1 included 
those with cancer of the breast, lung, esoph- 
agus and cardiac end of the stomach, in 
which roentgen therapy was confined to the 
thorax alone. Apart from the routine exam- 
inations made in conjunction with the can- 
cer, the study consisted of (1) history with 
particular reference to the cardiovascular 
system, (2) a physical examination, (3) 
roentgenoscopic and teleroentgen examina- 
tion of the chest and heart and (4) electro- 
cardiographic examination. All examina- 
tions were made prior to roentgen therapy 
and at various intervals thereafter, depend- 
ing on the individual findings. The follow- 
up period ranged from a few months, in 
those who died or became lost to other in- 
stitutions, to over three years. 


* Leach, J. E. Some of the effects of roentgen irradiation on the 
cardiovascular system. Am. J. Roentcenor. & Rap. THerapy, 
1943, 50, 616-628. 

* Leach, J. E. Effect of roentgen therapy on the heart. Arch. 
Int. Med., 1943, 72, 715-745. 
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A careful analysis of all cases of the 
three groups revealed that there was no 
evidence that roentgen therapy per se 
caused injury to the heart or that it was 
responsible for the complications that 
arose. In Group 111, three patients were ob- 
served who developed chronic pericarditis 
or pleuropericardial adhesions following 
heavy roentgen therapy over the chest. 
However, since according to the animal ex- 
periments, the pericardium can resist even 
larger doses of roentgen rays than the 
myocardium, it is probable that the changes 
were secondary to the chronic infection of 
the thoracic wall, ribs and left lung which 
was present in all three instances. As the 
infection progressed, the pericardium be- 
came invaded because of its contiguity. 

Independent from the series mentioned 
above, Leach also observed four cases of 
carotid sinus syndrome occurring during 
the course of roentgen therapy. These cases 
had metastatic carcinoma of the upper 
cervical lymph nodes intimately associated 
with the carotid bifurcation plus consider- 
able secondary infection. The episodes con- 
sisted of sudden syncope, slow pulse, low- 
ered blood pressure and in two cases brief 
epileptiform seizures which were promptly 
relieved by atropine or ephedrine sulfate. 
Following completion of the irradiation and 
clearing up of the infection, the episodes 
completely and permanently ceased. In 
several cases of the series, a depression of 
the blood pressure was noted but this was 
thought to be more likely due to insufficient 
nourishment, anemia, fever, neoplastic 
toxemia and only to a lesser extent to a gen- 
eral irradiation effect. Contrary to other 
observers, the author found cardiac ar- 
rhythmia developing only infrequently as 
a result of roentgen therapy. Whenever it 
occurred, it could easily be traced to some 
other cause. 

The most outstanding findings—the ones 
which in fact could create a great deal of 
confusion—were in connection with the 
electrocardiographic examinations. In gen- 
eral, two types of variations from the nor- 
mal were noted. The first occurred in pa- 
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tients of all the groups, quite irrespective of 
whether or not heart disease was present 
prior to the roentgen treatment. It con- 
sisted in a minor variation of all the waves, 
reflecting a change in the physiologic state 
of the myocardium. The cause may be at- 
tributed to anemia, infection, cachexia, 
toxemia and perhaps a depressing effect of 
the roentgen irradiation itself. The second 
alteration occurred only in patients who 
had radiation therapy over the thorax. It 
was limited to the ventricular complex and 
while there were frequent unpredictable 
changes in the voltages of the QRS waves, 
the variation in the configuration of the T 
wave seemed to follow a definite pattern. 
When there was an appreciable degree of 
irradiation pleuropneumonitis with at- 
tendant mediastinal shift and elevation of 
the diaphragm in the left hemithorax, the 
T wave in lead I became progressively 
lowered and even negative, while its re- 
ciprocal, T;, became higher. Conversely, 
when the above changes occurred in the 
right hemithorax, T, became higher and T; 
lower, although the variations were never 
as marked as on the left side. Finally, when 
the mediastinum received the bulk of the 
irradiation, the alteration was the least 
marked, consisting of only minor variations 
of the voltages of the different waves. The 
configuration of an electrocardiogram de- 


pends, among other things, on the direc- 
tion of the pathways conducting the action 
current from the epicardial surface of the 
heart to the extremities. Leach therefore 
assumes that the above T wave changes 
may well be explained on the basis of the 
altered relation of the heart to the thoracic 
wall, the elevated diaphragm and the pos- 
terior muscle mass through which the bulk 
of the action current is carried away from 
the heart. For the same reason, the altera- 
tion of the T wave appeared greatest when 
the irradiation was made on the left side, 
less marked when the irradiation was made 
on the right side and practically undis- 
turbed when the irradiation was made over 
the mediastinum. That these electrocardio- 
graphic changes cannot be caused by injury 
to the heart itself Leach seems quite certain. 

Obviously, it will remain for the future 
to furnish additional data on this very im- 
portant subject. For the present, we can 
safely make the premise that no damage is 
being done to the heart itself by the various 
methods of irradiation as currently used in 
clinical roentgen therapy. The observations 
should be extended, however. to cover the 
entire life span of the treated individual 
and they should also include the higher 
ranges of supervoltage and megavoltage 
roentgen therapy. 

T. Levcutia 
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SOCIETY PROCEEDINGS, CORRESPON DENCE 
AND NEWS ITEMS 


Items for this section solicited promptly after the events to which they refer. 


MEETINGS OF ROENTGEN SOCIETIES* 


Unirep States OF AMERICA 


AMERICAN RoeEnTGEN Ray Society 
Secretary, Dr. H. Dabney Kerr, University Hospital, 
lowa City, lowa. Annual meeting: Joint Meeting of 
American Roentgen Ray Society and Radiological So- 
ciety of North America, Palmer House, Chicago, IIl., 
Sept. 24-29, 1944. 

AMERICAN COLLEGE OF RADIOLOGY 
on, Mac F. Cahal, 540 N. Michigan Ave., Chicago, 


Secrion oN RaprioLocy, AMERICAN MEDICAL AssocIATION 
Secretary, Dr. J. T. Murphy, 421 Michigan St., Toledo, 
Ohio. Annual meeting: Chicago, IIl., June 12-16, 1944. 

ARKANSAS RADIOLOGICAL SocIETY 
Secretary, Dr. J. S. Wilson, Mack Wilson Hospital, Mon- 
ticello, Ark. Meets every three months and also at time 
and place of State Medical Association. 

RapIoLocicaL Society or NortH AMERICA 
Secretary, Dr. D. S. Childs, 607 Medical Arts Bldg., Syra- 
cuse, N. Y. Annual meeting: Joint Meeting of American 
Roentgen Ray Society and Radiological Society of North 
America, Palmer House, Chicago, IIl., Sept. 24-29, 1944. 

Section, BALTImorE Society 
Secretary, Dr. Walter L. Kilby, Baltimore. Meets third 
Tuesday each month, September to May. 

Section on MEDICAL AssociATION 
Secretary, Dr. Earl R. Miller, University of California 
Hospital, San Francisco, Calif. 

Section, Connecticut Mepicat Society 
Secretary, Dr. Max Climan, 242 Trumbull St., Hartford, 
Conn. Meets bi-monthly on second Thursday, at place 
selected by Secretary. Annual meeting in May. 

SEcTION ON RaproLocy, ILLinois State MEDICAL Society 
Secretary, Dr. H. W. Ackemann, 321 W. State St., Rock- 
ford, Ill. 

Rapio.ocicaL Section, Los ANGELES County MEDICAL 
ASSOCIATION 
Secretary, Dr. Roy W. Johnson, 1407 S. Hope St., Los 
Angeles, Calif. Meets on second Wednesday of each 
month at the County Society Building. 

RADIOLOGICAL SEcTION, SOUTHERN MEDICAL AssociATION 
Secretary, Dr. Roy G. Giles, Temple, Texas. 

Brook._yn RoenTGEN Ray Society 
Secretary, Dr. Leo Harrington, 880 Ocean Ave., Brooklyn, 
N.Y. Meets monthly on fourth Tuesday, October to April. 

BurFra_Lo Society 
Secretary, Dr. Joseph S. Gian-Francheschi, 610 Niagara 
St., Buffalo, N. Y. Meets second Monday of each month 
except during summer months. 

Cuicaco RoENTGEN Society 
Secretary, Dr. Warren W. Furey, 6844 S. Oglesby Ave., 
Chicago, Ill. Meets second Thursday of each month 
October to April inclusive at the Palmer House. 

CincinnaATI RADIOLOGICAL SOCIETY 
Secretary, Dr. Samuel Brown, 707 Race St., Cincinnati, 
Ohio. Meets third Tuesday of each month, October to 
May, inclusive. 

CLEVELAND RADIOLOGICAL SociETY 
Secretary, Dr. D. D. Brannan, 11311 Shaker Blvd. 
Cleveland 4, Ohio. Meets at 6:30 p.m. at Allerton Hotel 
on fourth Monday each month, October to April, inclusive. 

Da.ias-Fort Worth RoentcEen Srupy Cius 
Secretary, Dr. X. R. Hyde, Medical Arts Bldg., Fort 
Worth, Texas. Meetings held in Dallas on odd months 
and in Fort Worth on even months, on third Monday, 
at 7:30 P.M. 


Denver RapioLocicat 
Secretary, Dr. Edward J. Meister, 366 Metropolitan 
Bldg., Denver, Colo. Meets third Friday of each month at 
Denver Athletic Club. 
Detroit RoENTGEN Ray AND Rapium Society 
Secretary, Dr. E. R. Witwer, Harper Hospital. Meets 
monthly on first Thursday from October to May, at 
Wayne County Medical Society Building. 
FLoripaA Rapio.ocicat Society 
Acting Secretary, Dr. Walter A. Weed, 204 Exchange 
Bldg., Orlando, Fla. Meetings in May and November. 
Georata RapIo.ocica Society 
Secretary, Dr. James J. Clark, 478 Peachtree St., At- 
lanta, Ga. Meets in November and at annual meeting 
of Medical Association of Georgia in the spring. 
RapIoLocicaL Society oF Kansas Ciry 
Secretary, Dr. Arthur B. Smith, 800 Argyle Bldg., Kan- 
sas City, Mo. Meets third Thursday of each month at a 
place designated by the president. 
RapIoLocicaL Society 
Secretary, Dr. Wm. DeHollander, St. John’s Hospital, 
Springfield, Ill. Meets three times a year. 
InDIANA ROENTGEN SocIETY 
Secretary, Dr. H. C. Ochsner, Methodist Hospital, In- 
dianapolis. Meeting held the second Sunday in May 
annually. 
Kentucky Society 
Secretary, Dr. W. C. Martin, 72 W. Broadway, Louis- 
ville. Meets annually in Louisville on first Saturday in Apr. 
Lonc IsLanp Society 
Secretary, Dr. Marcus Wiener, 1430-48th St., Brooklyn, 
N. Y. Sects Kings County Med. Soc. Bldg. monthly 
on fourth Thursday, October to May, 8:30 p.m. 
RADIOLOGICAL SOCIETY 
Secretary, Dr. J. R. Anderson, 1130 Louisiana Ave., 
Shreveport. Meets annually during Louisiana State Med- 
ical Society Meeting. 
MicuHIGAN AssociATION OF ROENTGENOLOGISTS 
Secretary, Dr. E. M. Shebesta, 1429 David Whitney Bldg., 
Detroit. Three meetings a year, Fall, Winter, Spring. 
MILWAUKEE RoENTGEN Ray Society 
Secretary, Dr. C. A. H. Fortier, 231 W. Wisconsin Ave., 
Milwaukee, Wis. Meets monthly on second Monday at 
University Club. 
Minnesota Society 
Secretary, Dr. Annette T, Stenstrom, 1218 Medical Arts 
Bldg., Minneapolis, Minn. One meeting a year at time of 
Minnesota State Medical Association. 
NesrasKA RADIOLoGIcAL Society 
Secretary, Dr. D. A. Dowell, Medical Arts Bldg., Omaha, 
Nebr. Meets third Wednesday of each month, at 6 p.m. 
at either Omaha or Lincoln. 
New Roentcen Ray Society 
Secretary, Dr. Hugh F. Hare, Lahey Clinic, Boston, Mass. 
Meets monthly on third Friday, Boston Medical] Library. 
Society or New Jersey 
Secretary, Dr. H. J. Perlberg, 921 Bergen City. 
Meets annually at time and place of State Medical So- 
ciety. Mid-year meetings at place chosen by president. 
New York RoenTGEN Society 
Secretary, Dr. Ramsay Spillman, 115 East 61st St., 
New York City. Meets monthly on third Monday, New 
York Academy of Medicine, at 8:00 P.M. 
Nortu RoentGEN Ray Socrety 
Secretary, Dr. Major Fleming, Rocky Mount, N. C. An- 
nual meeting at time and place of State Medical Society. 
Mid-year scientific meeting at place designated. 


* Secretaries of Societies not here listed are requested to send the necessary information to the Editor. 
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Nortu Daxora Society 
Secretary, Dr. L. A. Nash, St. John’s Hospital, Fargo. 
Meetings held by announcement. 

CenTrat New York Roentcen Ray Society 
Secretary, Dr. C. F. Potter, 820 S. Crouse Ave., Syracuse. 
Three meetings a year. January, May, November. 

Oun10 Rapio.ocicat Society 
Secretary, Dr. J. E. McCarthy, 707 Race St., Cincinnati. 
Meets at time and place of annual meeting of Ohio State 
Medical Association. 

Paciric RoenTGEN Society 
Secretary, Dr. L. H. Garland, 450 Sutter St., San Fran- 
cisco, Calif. Meets annually, during meeting of California 
Medical Association. 

PENNSYLVANIA RADIOLOGICAL SOCIETY 
Secretary, Dr. L. E. Wurster, 416 Pine St., Williamsport. 
Annual meeting at Penn Alto Hotel, Altoona, Pa., May 13- 
14, 1944. 

PHILADELPHIA RoeNnTGEN Ray Society 
Secretary, Dr. R. P. Barden, University Hospital, Meet- 
ings first Thursday of each month from October to 
May inclusive at 8:15 p.m., in Thompson Hall, College 
of Physicians, 19 S. 22d St. 

PrrrspurRGH RoENTGEN Society 
Secretary, Dr. R. G. Alley, 4800 Friendship Ave. Meets 
second Wednesday each month, 4:30 P.m., October 
to June, Pittsburgh Academy of Medicine. 

Rocuester Roentcen Ray Society, Rocuester, N. Y. 
Secretary, Dr. Sidney Larson, Strong Memorial Hospital. 
Meets monthly on third Monday from October to May, 
inclusive, 8 p.m. at Strong Memorial Hospital. 

Rocky Mountain Society 
Secretary, Dr. A. M. Popma, 220 N. First St., Boise, 
Idaho. 

Sr. Louis Society or Rapio.ocists 
Secretary, Dr. P. C. Schnoebelen, 462 N. Taylor Ave. 
Meets fourth Wednesday of each month, except June, 
July, August, and September, at a place designated by 
the president. 

San Disco Roentcen Society 
Secretary, Dr. Henry L. Jaffe, Naval Hospital, Balboa 
Park, San Diego, Calif. Meets monthly on first Wednes- 
day at dinner. 

San Francisco Society 
Secretary, Dr. Martha Mottram, 450 Sutter St., San 
Francisco. Meets monthly on third Thursday at 7:45 
p.M., first six months of year at Toland Hall, University 
of California Hospital, second six months at Lane Hall, 
Stanford University Hospital. 

SuHreveport Rapio.ocicat 
Secretary, Dr. R. W. Cooper, Charity Hospital, Shreve- 
port, La. Meets monthly on third Wednesday, at 
7:30 P.M., September to May inclusive. 

Soutu Caroiina X-Ray Society 
Secretary, Dr. T. A. Pitts, Baptist Hospital, Columbia, 
S. C. Meets in Charleston on first Thursday in Novem- 
ber, also at the time and place of South Carolina State 
Medical Association. 

TENNESSEE RADIOLOGICAL Society 
Secretary, Dr. J. M. Frére, 707 Walnut St., Chattanooga, 
Tenn. Meets annually at the time and place of the 
Tennessee State Medical Association. 

Texas Society 
Secretary, Dr. Herman Klapproth, Sherman, Texas. 

Universiry oF MicuicAn DeparTMENT OF ROENTGEN- 
oLocy Starr MEETING 
Meets each Monday evening from September to June, 
at 7 p.m. at University Hospital. 

University or Wisconsin RapIoLocicaL ConFERENCE 
Secretary, Dr. E. A. Pohle, 1300 University Ave., Madi- 
son, Wis. Meets every Thursday from 4:00-5:00 P.M., 
Room 301, Service Memorial Institute. 

VirointaA Society 
Secretary, Dr. E. L. Flanagan, 116 E. Franklin St., 
Richmond, Va. Meets annually in October. 

Wasuinoton Strate RADIoLocicaL Society 
Secretary, Dr. Thomas Carlile, 1115 Terry St., Seattle. 
Meets fourth Monday each month, October through May, 
College Club, Seattle. 
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X-ray Srupy Cius or San Francisco 
Secretary, Dr. J. M. Robinson, University of California 
Hospital. Meets monthly in evening on third Thurs- 
day. 

CusBa 

SocieDAD DE Rapio.ocia FIsIoreRAPIA DE CuBA 
President, Dr. J. Manuel Viamonte, Hospital Mercedes, 
Habana, Cuba. Meets monthly in Habana. 


British Empire 

British Instirute oF RapioLocy INCORPORATED WITH 
THE RONTGEN Society 
Medical Members’ meeting held monthly on third Friday 
at 2:30 p.m. and Ordinary Meeting at same time on 
following Saturday, October to May, 32 Welbeck St., 
London, W.1. 

Section OF RADIOLOGY OF THE Roya. Society or Mept- 
(ConFinep To MepicaLt MemBeERs) 
Meets on the third Friday of each month at 4:45 P.M. 
at the Royal Society of Medicine 1, Wimpole St., Lon- 
don, W. 1. 

Facu.ty or RapIoLocists 
Secretary, Dr. M. H. Jupe, 32 Welbeck St., London, W. 1 
England. 

Section oF RapioLocy ano Mepicat Ececrriciry, Aus- 
TRALASIAN Mepicat Conaress 
Secretary, Dr. H. M. Cutler, 139 Macquarie St., Sydney, 
New South Wales. 

RADIOLOGICAL SECTION OF THE VICTORIAN BRANCH OF THE 
British AssociaTION 
Secretary, Dr. Keith Hallam, St. George’s Hospital, 
K.E.W., Melbourne, E. 4, Victoria, Australia. Meets 
monthly from March to November inclusive. 

CANADIAN ASSOCIATION OF RADIOLOGISTS 
Secretary, Dr. A. D. Irvine, 540 Tegler Bldg., Edmonton, 
Alberta. 

Secrion or Rapio.tocy, CaAnapIAN MEDICAL AssocIATION 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S. 

Secrion, NEw ZEALAND BritisH MEDICAL 
ASSOCIATION 
Secretary, Dr. Colin Anderson, Invercargill, New Zea- 
land. Meets annually. 


SoutH AMERICA 
SoclEDAD ARGENTINA DE RADIOLOGIA 


Secretary, Dr. Guido Gotta, Buenos Aires, Argentina. 
Meetings are held monthly. 


ConTINENTAL Europe 

SociEDAD EspaNnoLa DE Rapio.ocia y ELecrroLoGia 
Secretary, Dr. J. Martin-Crespo, Fuencarral, 7. Madrid, 
Spain. Meets monthly in Madrid. 

SociETE SuissE DE RADIOLOGIE (SCHWEIZERISCHE ROnrt- 
GEN-GESELLSCHAFT) 

Secretary for French language, Dr. A. Grosjean La Chaux 
de Fonds. 

Secretary for German language, Dr. Scheurer, Molzgasse 
Biel. Meets annually in different cities. 

SocieTATEA RoMANA DE RADIOLOGIE s1 ELECTROLOGIE 
Secretary, Dr. Oscar Meller, Str. Banul Ma&riacine, 30, 
S. I., Bucuresti, Roumania. Meets second Monday in 
every month with the exception of July and August. 

Att-Russian Roentcen Ray Association, LENINGRAD: 
USSR in the State Institute of Roentgenology and 
Radiology, 6 Roentgen St. 

Secretaries, Drs. S. A. Reinberg and S. G. Simonson. 
Meets annually. 

LeninGcraD RoentcEN Ray Society 
Secretaries, Drs. S. G. Simonson and G. A. Gusterin. 
Meets monthly, first Monday at 8 o’clock, State Institute 
of Roentgenology and Radiology, Leningrad. 

Moscow RoentceEn Ray Society 
Secretaries, Drs. L. L. Holst, A. W. Ssamygin and S. T. 
Konobejevsky. Meets monthly, first Monday, 8 p.m. 

SCANDINAVIAN ROENTGEN SOCIETIES 
The Scandinavian roentgen societies have formed a joint 
association called the Northern Association for Medical 
Radiology, meeting every second year in the different 
countries belonging to the Association. 


_Announcing 


A JOINT MEETING 
THE AMERICAN RAY SOCIETY 
and 
THE RADIOLOGICAL SOCIETY OF NORTH AMERICA 
THE PALMER CHICAGO, ILLINOIS 


SEPTEMBER 24 TO 29, 1944 


The officers and members of the Program Committees of the Ameri- 
can Roentgen Ray Society and the Radiological Society of North 
America, at a meeting held in Chicago, February 12, 1944, decided 
that the interests of all radiologists on the North American continent 
could best be served by conducting a joint meeting in 1944. 


It appears obvious that, by having such a meeting, radiologists in 

military and civilian practice could obtain much valuable information 

| regarding the recent technical and scientific advances in radiology. 
| The dissemination of such knowledge is recognized as a valuable 
| contribution to the successful prosecution of our military activities. 


Because of its central location, Chicago was selected as the most 
desirable city for such a meeting. Prompt action was necessary in order 
to obtain adequate hotel facilities, and we have been assured that sufh- 
cient rooms will be made available at the Palmer House for those 
who wish to attend. 


It is not too early to make your plans for the meeting, and you are 
invited to submit contributions for the scientific program and exhibits 
as soon as possible. 


Lyect C. Kinney, President-Elect E_pwin R. Witwer, President 
American Roentgen Ray Society Radiological Society of North America 
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DEPARTMENT OF TECHNIQUE 
Department Editor: Roserr B. Tart, M.D., B.S., M.A., 103 Rutledge Ave. 


Charleston, S. C. 


A RADIOPAQUE LIQUID LATEX INJECTION MEDIUM 
FOR BLOOD VESSELS 


By C. E. TOBIN 
Department of Anatomy, The University of Rochester School of Medicine and Dentistry 
ROCHESTER, NEW YORK 


A postmortem study of main or collateral 
blood vessels is desired frequently in 
conditions where disease or surgical inter- 
vention have occluded parts of the vascular 
system. In such studies, an injection medi- 
um which possesses radiopaque properties, 
in addition to filling the desired vessels 
with a pigmented rubber-like medium, 
would be the ideal solution whereby the 
course of the vessels involved could be de- 
termined by roentgenograms and by sub- 
sequent dissection. 

Pigmented liquid latex, an aqueous, col- 
loidal, rubber solution, has been found to 
be an ideal injection medium for dissection 
of blood vessels in laboratory specimens be- 
cause of its ability to: (1) be colored with 
fast, soluble dyes; (2) penetrate into the 
smallest vessels without staining adjacent 
tissue; (3) be used cold and be diluted to 
the desired consistency by addition of dis- 
tilled H,O; (4) set into a tough, flexible 
cast of vessels (where not deposited in too 
large masses) by reacting with phenol, 
phenolic compounds, formalin or acids.’ A 
syringe with a glass cylinder and rubber 
piston should be used for injection, as latex 
will cause the plunger of glass” or “‘all 
metal” syringes to adhere to the cylinder 
walls. 

Pigmented latex alone has very little 
radiopacity even when “soft tissue tech- 
nique” is used. The following experiments 
were tried, therefore, to find a suitable 
radiopaque medium which could be mixed 


‘Gamble, D. L. Liquid latex as an injection mass for blood- 
vessels. Science, 1939, 90, §20. 


with pigmented latex and still retain the 
qualities of latex listed above. 

Samples of red liquid latex (pH 9.9) 
were mixed with sodium iodomethane sul- 
fonate (skiodan), crystalline potassium 
iodide, barium sulfate, tetraiodophenol- 
phthalein sodium salt (tetradol emulsion), 
and ethyl iodophenylundecylate (panto- 
paque) and tested by injection into rats.* 
Each of the first four substances when 
added directly to the stock solution of 
latex coagulated it, making these combina- 
tions unsuitable for injection. However, a 
small quantity of these substances could 
be added to the latex, but the amount was 
insufficient to produce a continuous roent- 
genographic shadow in the injected ani- 
mals, even though the mixture remained 
fluid for injection at pH 10 (Fig. 1). Panto- 
paque, on the other hand, was found to 
form a stable emulsion with latex, but 50 
per cent or more of this substance had to 
be mixed with the latex for good contrast 
(Fig. 2 and 3). Pantopaque, being an oily 
medium, caused an increase in the viscosity 
of the latex-pantopaque mixture, which 
could be overcome partly by raising the 
pH to 10.78 with the addition of NH,OH. 
The arteries of the material studied were 
injected as soon as possible after death 
with pantopaque-latex mixture, the speci- 
mens roentgenographed after injection, and 
later preserved either with our stock of 
embalming solution (pH 2.6) or with a 


* The radiopaque media were furnished by the Department of 
Radiology, University of Rochester School of Medicine and 
Dentistry. 
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formalin-acetic acid mixture (pH 3.3). Sev- 
eral days later when the latex had hard- 
ened, the specimens were dissected to 
confirm the extent of the injection. 

The clinical value of this injection me- 
dium, in studying the vascular system, is 


Radiopaque Liquid Latex Injection Medium 
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demonstrated by the following case, which 
will be presented more in detail as a sepa- 
rate report from the Department of Surgery, 
The University of Rochester School of 
Medicine and Dentistry. 

J. G., white male, aged fifty-two. Dissecting 


Fic. 1. Discontinuous shadow made by a saturated solution of potassium iodide-latex in the viscera of a rat. 
Similar shadows were made by a saturated solution of barium, skiodan and tetradol emulsion when mixed 
with latex. The arteries of this and the other experimental animals were filled with the injection medium. 


Fic. 2. A continuous outline of the right carotid artery of a rat was seen after injection with 50 per cent 


pantopaque-latex. 


Fic. 3. A 20 per cent pantopaque-latex mixture was insufficient to produce a distinct shadow. 


Fic. 4. Roentgenogram of case reported showing shadows from the main and smaller arteries as well as the 
aortic and right iliac aneurysm, and portion of the jejunum (at tip of clamp) filled with injection medium. 


Fic. 5. Roentgenogram of case reported showing aneurysm of aorta and right iliac artery, as well as all the 
branches of the right iliac and hypogastric artery, filled with the contrast medium. The left iliac artery is 
obliterated but branches of the lumbar and sacral arteries formed anastomotic channels with the left 
hypogastric. The branches of the latter artery, although enlarged, were patent and normal in their dis- 
tribution to the gluteal region and left stump. No enlargement of the hemorrhoidal vessels is seen. 
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aneurysm and thrombosis of left common iliac 
artery in addition to aneurysmal dilatation 
both of aorta, proximal to its bifurcation, and 
of proximal part of right iliac artery, were 
ascertained by laparotomy on January 25, 1942. 
The aorta was occluded by two tape ligatures 
between the origin of the inferior mesenteric 
artery and the aortic aneurysm, January 29. 
The left extremity was amputated at mid-thigh 
on February 9. The left stump and right ex- 
tremity showed no subsequent signs of necrosis 
and sufficient collateral channels were assumed 
to have been established. To relieve pain from 
the “phantom left limb,” lumbar block and 
division of sciatic trunks were performed on 
June 16. Subsequently the patient showed a 
steady decline with continuous loss of blood 
from the gastrointestinal tract via rectum. 
The thorax was opened within two hours 
after death (August 28, 1942) and approxi- 
mately 1 quart of pantopaque-latex injected by 
means of a Janet-Frank’s bladder syringe con- 
nected to a cannula in the descending thoracic 
aorta. The pigmented injection medium filled 
all the arteries to the gastrointestinal tract and 
some of the medium was observed to enter the 
lumen of the proximal part of the jejunum. The 
right posterior tibial artery was exposed and 
found to contain pigmented injection medium, 
verifying the completeness of the injection. The 
liver, stomach, small (except duodenum and 
upper part of jejunum) and large intestine were 
removed. Roentgenograms of the entire speci- 
men were taken and the specimen fixed in acetic 
acid embalming solution (pH 2.6) by immersion 
and “‘punch-embalming” for later dissection. 
At the time of death the vessels involved in 
supplying the right extremity and the cause of 
loss of blood from the gastrointestinal tract (via 
rectum) were not ascertained. It was tenta- 
tively assumed that collateral circulation 
through dilated hemorrhoidal vessels might 
play a part, if the right iliac vessels were oc- 
cluded. Roentgenograms showed, however, that 
the proximal part of the jejunum (Fig. 4—at 
point of clamp), the aneurysm of both the aorta 
and right iliac artery and all the pelvic branches 
of the latter, as well as arteries of the right ex- 
tremity were filled with the contrast medium. 
The left common iliac artery was completely 
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occluded, but the left hypogastric artery and 
its branches were patent (Fig. 5). No dilatation 
of the hemorrhoidal vessels could be observed. 

Subsequent dissection demonstrated that the 
ligatures had cut through the aortic walls and 
were embedded in an aneurysm, which de- 
veloped after ligation, proximal to the origin 
of the inferior mesenteric artery. This second 
aneurysm had extended over the point of liga- 
tion and produced a new channel through 
which blood could flow distally. A perforation 
into the jejunum, near the duodenojejunal 
junction, was found which formed a direct 
communication from the aneurysm, above the 
inferior mesenteric, into the gastrointestinal 
tract. 

As indicated in these figures and verified by 
dissection, the vessels to the right limb had 
patent lumina, as shown by their containing 
red latex, whereas lumbar and sacral arteries 
of the left side formed collateral channels to the 
left hypogastric artery, the branches of which 
were slightly enlarged but normal in their dis- 
tribution. Even the smaller arteries, such as the 
lateral sacral, were filled with the latex mixture 
and their course and anastomosis could be dis- 
sected with ease. 

Although in the present emergency there 
may bea scarcity of latex, biological supply 
houses or other depots may have sufficient 
stores to warrant the use of this injection 
medium for studies as describd. 


SUMMARY 


Ethyliodophenylundecylate —(pantopa- 
que) emulsified with pigmented liquid 
latex is an ideal injection medium for stud- 
ies of the vascular system where the course 
of main or collateral vessels has been oc- 
cluded by disease or surgical intervention. 
Roentgenograms of the vessels can be ob- 
tained and their course ascertained by dis- 
section. 


I am greatly indebted to Dr. J. J. Morton and 
Dr. W. J. M. Scott of the Department of Surgery and 
Drs. S. L. Warren and W. H. Strain of the Depart- 
ment of Radiology for making the material available 
and for their cooperation in this study. 
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ROENTGEN DIAGNOSIS 
Neck and Chest 
Dovuc tas, B. H., and Birke C. C.: Screen- 
ing for tuberculosis in civilian population 
Baicey, W.: Technic for chest x-ray examina- 
tions of large groups. 1. The use of stand- 
Baitey, W.: Technic for chest x-ray examina- 
tions of large groups. 11. The use of minia- 
Kerr, W. J.: Faulty movements of the dia- 
phragm as a cause of non-obstructive em- 
physema and angina pectoris 
Auuison, S. T.: The vanishing lung.......... 
Karan, A. A., and Sincer, E.: Transitory pul- 
monary infiltrations mistaken for tuber- 
Reeves, R. J., Smirn, D. T., and Baker, 
R. D.: Tuberculous pneumonia of lower 
Perrone, J. A., and Levinson, J. P.: Primary 
carcinoma of the lung................. 
Ocusner, A., and DeBakey, M.: Carcinoma 
Scott, W. G., and Lionpercer, J. R., Jr.: 
Studies of pulmonary vessels by means of 
body-section radiography.............. 
STanrorD, W. R., and Nate, B. C., Jr.: Cys- 
tic disease of the lungs................. 
Winn, W. A., and Jounson, G. H.: Primary 
Arrwoop, C. J., and Sarcent, W. H.: Cystic 
fibrosis of the pancreas with observations 
on roentgen appearance of associated pul- 
SwINEForD, O., Jr., and Harxraper, C. J., 
Jr.: Intrathoracic lipoma.............. 
Kornsium, D.: Attempt at roentgenographic 
visualization of thoracic duct and cisterna 
Wuircoms, B. B., and Scovitie, W. B.: Post- 
operative chylothorax................. 


Abdomen 


Biackrorp, S. D., Biro, R. M., Jr., and Cass- 
ceELLs, S. W.: Non-operative results in 
ninety patients with abnormal cholecys- 

Horrman, H. S.: Benign hepatoma.......... 

Bowers, R. F., Lorp, J. W., Jr., and Mc- 
Swain, B.: Cystadenoma of pancreas... . 

Rapinovircn, J., and Pines, B.: Cysts of 
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Faust, D. B., and Branpstapt, W. G.: Case 
of pancreatic lithiasis.................- 
Pucn, D. G.: Roentgenologic aspect of pseu- 
domyxoma 
Simeone, F. A.: Perinephric abscess........ 
SreminBerG, C. L.: Value of splenectomy in 
Giss, W. T., Jr.: Theory concerning manner 
in which the stomach empties itself... . . 
Biscarp, J. D., Matson, G. M., and Hirscu- 
MANN, J.: Adynamic ileus and thermal in- 
fluences on gastric and intestinal motor 
Duptey, G.S., L., and Morss, S. F.: 
Benign tumors of the stomach.......... 
Poppet, M. H., and Srarr, S.: Roentgen man- 
ifestations of acute infectious mononucle- 
osis in the abdomen................... 
SmepaL, M. I.: Pyloric ulcers.............. 
Poppet, M. H., and Bercow, C.: Perforation 
STEIGMANN, F.: Treatment of large gastric 


Fak, V. S.: Familial polyposis of the colon. . 
Henperson, S. G., and Brrant, W. W., Jr.: 
Colon in the healthy newborn infant. ... 
Boustoc, J. S. Normal stomach and small 
intestines in the infant................. 
Deamer, W. C., and Capp, C. S.: Clinical as- 
pects of gastro-intestinal disease in child- 
SpresMmAn, M. G., and Rusenstein, H. L: 
Hodgkin’s lymphogranuloma (rectal stric- 
Menng, F. R., Mason, D. G., and Jounston, 
R.: Lymphosarcoma of intestine........ 
Miter, E. R., and Herrmann, W. W.: Ar- 
gentaftin tumors of small bowel......... 


Skeletal System 


Sussman, M. L., and Copieman, B.: Roent- 
genographic appearance of bones in Cush- 

Connor, P. J., and Maier, F. J.: Value of 
roentgen rays in diagnosis of endocrine 

Barpen, R. P., e¢ a/.: Ewing’s endothelial 
myeloma with extensive skeletal involve- 

Levitt, A., and Levy, D. S.: Multiple mye- 


Menvi_te, L. J., Wittiamson, L., and Mar- 
TINGLY, D.: Renal rickets.............. 
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OF ROENTGEN AND 


RADIUM LITERATURE 


ROENTGEN DIAGNOSIS 
NECK AND CHEST 


Dovctas, Bruce H., and Birke.o, Cart C. 
Screening for tuberculosis in a civilian popu- 
lation by fluorography. 4nn. Int. Med., Nov., 
1941, 75, 853-857. 

A rather common procedure for survey of 
pulmonary tuberculosis includes tuberculin 
skin testing to identify those who at some time 
may have been infected with the tubercle bacil- 
lus; thereafter, roentgenographically examining 
the chests of all positive skin reactors. 

The authors have inventoried other possi- 
bilities which might provide for more direct 
information and money savings. They have 
considered the full-size standard film but have 
concluded it to be too expensive; they have 
considered sensitized paper—less costly but 
still too expensive; they object to fluoroscopy 
because of its not providing a permanent record 
and because of Fellows’ statistics which have 
indicated approximately a 13 per cent error for 
it versus the standard film; they believe that 
the 35 millimeter film sacrifices too much accu- 
racy in favor of economy. They have concluded 
that a 4X5 inch fluorograph is reasonably 
accurate, the single image study incurring no 
more than 2.6 per cent error as compared with 
the standard 14X17 inch film studies. They 
recommend this procedure as practical for 
group surveys and substantiate their con- 
tentions on the basis of 30,000 examinations. 
Some of these have been studied by skin testing 
also. Of 47.6 per cent who reacted positively, 
there were 3 active cases; whereas, among 671 
who reacted negatively, there were 2 active 
cases. A number of those who were inoculated 
with tuberculin failed to return for re-examina- 
tion.—A. A. de Lorimier. 


BaiLey, Witsur. Technic for chest x-ray exam- 
inations of large groups. 1. The use of stand- 
ard size films. Radiology, Sept., 1942, 39, 
306-309. 


Roentgen examination of large groups of 
people for tuberculosis is becoming increasingly 
popular and of course is used for the examina- 


tion of Army recruits. Films of substandard 
size and film substitutes have been used in an 
attempt to reduce the cost of such examinations 
and the impression has been given in some quar- 
ters that satisfactory results and sufficient 
speed could not be attained with standard 
14X17 inch films. The author maintains that 
this is not true and describes the technique of 
examination used at the Los Angeles Army In- 
duction Station. The greater part of the time 
required for any mass survey is consumed in 
measuring and placing the patients and there- 
fore this method can be made as rapid as any 
of those that use substandard films, paper rolls, 
etc., while the films are of much better quality. 

Reports in the German literature say that 
300 men can be examined per hour but the 
author has found that for good work not more 
than 100 can be examined as a matter of rou- 
tine. More than 125 per hour were examined 
when the subjects were medical students, as 
they gave more intelligent cooperation.—/4u- 
drey G. Morgan. 


Baitey, Witsur. Technic for chest x-ray 
examinations of large groups. 11. The use of 
miniature films. Radiology, Sept., 1942, 39, 
310-313. 

The technique used for mass examinations 
with 4X5 and 4X10 inch films does not differ 
greatly from that with standard films. The 
target-film distance is decreased, however, and 
the kilovoltage increased, while the milliam- 
pere-second output must rise to 40 to 60 ma- 
sec., or even more. These changes tend to 
produce poorer detail and contrast in the image. 
But though the detail is less than on standard 
films a comparison of a large number of cases 
examined with standard ‘films and an equally 
large number with 4X 10 inch films showed that 
a somewhat larger number of cases of tubercu- 
losis was revealed by the 4X10 inch films than 
by the standard films. 

Another disadvantage of the small films lies 
in the fact that the long exposure time required 
is apt to produce a simulated enlargement of 
the heart and great vessels and it is hard to tell 
whether there is an actual enlargement. But as 
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a whole the results are better than might be ex- 
pected for mass examinations for tuberculosis. 
—Audrey G. Morgan. 


Kerr, Wm. J. Faulty movements of the dia- 
phragm as a cause of non-obstructive em- 
physema and angina pectoris. Radiology, 
August, 1942, 39, 153-156. 

The author maintains that non-obstructive 
emphysema and apparent angina pectoris are 
often brought on by faulty movements of the 
diaphragm due to obesity. He has very suc- 
cessfully treated such cases of chronic bronchi- 
tis with emphysema and relieved the orthostatic 
dyspnea and cough by the use of an abdominal 
belt which is illustrated. This supporting belt 
acts as a means of artificial respiration and helps 
to restore the function of the diaphragm. 
Kountz and Alexander recommended the use 
of a firm supporting belt to hold up the pendu- 
lous abdomen and aid in the movements of the 
diaphragm. The author modified this belt by 
adding elastic segments at the sides to insure 
freer movement of the diaphragm.— Audrey G. 
Morgan. 


Atuison, Stanton T. The vanishing lung; 
report of a case of advanced bullous emphy- 
sema. Ann. Int. Med., July, 1942, 77, 139-148. 


Pulmonary emphysema is a condition of the 
lungs brought about by overdistention of the 
walls of the alveoli resulting in loss of elasticity 
and finally rupture. This may produce such 
pressure on the lung tissue that it is almost 
entirely destroyed. 

A case is described in a man of forty-one who 
complained of a severe chest cold with pain and 
dyspnea. He had had epilepsy since childhood 
with infrequent attacks of petit mal. He had 
had pneumonia twice before he was ten years 
of age. While in college in 1917 his chest ex- 
pansion had been 4 inches; in 1940 on taking an 
examination for conditioning he was found to 
have no chest expansion at all but in spite of 
that was allowed to take the strenuous condi- 
tioning exercises, after which he suffered from 
severe and long-continued dyspnea. For some 
months he had been unable to sleep on his left 
side without cough and dyspnea. 

Stereoscopic roentgenograms of the chest 
showed no lung markings in the right chest ex- 
cept a few cobweb-like strands at the base. The 
upper half of the left lung showed the brilliance 
characteristic of absence of lung tissue but the 
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markings of the lower half of the left field were 
increased. When he slept on his left side he 
splinted the only part of the lung that was 
functioning and so of course became dyspneic. 

This patient had had frequent respiratory 
infections during childhood and had had what 
he called a cigarette cough for years. Emphy- 
sema is caused by strain on the walls of the 
alveoli due to coughing in patients with asthma, 
chronic bronchitis and other chronic pulmonary 
diseases. The popular theory that it is. caused 
by glass blowing or the blowing of wind instru- 
ments is false. 

The patient was advised to go to Tucson, 
Arizona, where the clear, dry air will lessen the 
danger of respiratory infections, to avoid stren- 
uous exercise and heavy lifting and be at least 
very moderate in the use of tobacco and alcohol, 
as the former would further irritate the bronchi 
and the latter would increase the pulse rate and 
lower his resistance. A diet low in fats and 
carbohydrates but high in proteins, vegetables, 
fruits and vitamins was recommended with the 
use of an abdominal belt to increase intra- 
abdominal pressure, elevate the diaphragm and 
increase vital capacity. If these directions are 
followed it is believed he may live for years 
even with his limited lung capacity. Audrey G. 
Morgan. 


Karan, A. A., and Sincer, EMANUEL. Transi- 
tory pulmonary infiltrations mistaken for 
tuberculosis, with a report of five cases. 4nn. 
Int. Med., July, 1942, 77, 106-124. 


Recently increasing dependence has been 
placed on the diagnosis of pulmonary tuber- 
culosis by roentgen examination. Five cases are 
described which show that roentgenograms of 
themselves are not entirely reliable, particu- 
larly a single examination. A series of examina- 
tions should always be made. If tubercle bacilli 
cannot be found in the sputum or stomach con- 
tents by microscopic examination, cultures or 
guinea pig inoculation, the case is probably not 
one of tuberculosis. This is important as artifi- 
cial pneumothorax, which is useful in the treat- 
ment of tuberculosis, may be useless or even 
harmful in other conditions. 

The roentgenograms in the 5 cases described 
which were accepted as typical of tuberculosis 
by competent roentgenologists and phthisiol- 
ogists, are reproduced. But serial examinations 
showed the incorrectness of the diagnosis as the 
lung infiltrations cleared up. 
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Two of the cases were bronchopneumonia 
probably caused by a filtrable virus. In 1 case 
the infiltration and rarefaction seen on the first 
roentgenogram were thought to be due to a 
lobular atelectasis with beginning necrosis of 
the lung resulting from bronchial obstruction. 
The other 2 cases showed eosinophilia and were 
probably allergic in character. The agent that 
caused the allergic reaction was not determined. 
In 1 of the cases the pulmonary exudate had 
persisted long enough to cause increased re- 
sistance in the pulmonary circulation, resulting 
in enlargement of the right ventricle which re- 
turned to normal size when the exudate was 
absorbed.— Audrey G. Morgan. 


Reeves, Roserr J., Davin T., and 
Baker, Rocer D. [Tuberculous pneumonia 
of lower lobe of right lung (primary focus).] 
Radiology, Oct., 1942, 39, 467-473. 


The case considered at this clinico-pathologi- 
cal conference was that of a white grocery 
salesman admitted to the hospital because of 
fever of six weeks’ duration. Unusual features 
of the case were that he had a fever four months 
before admission that was mistaken for malaria. 
Six weeks before admission he had an acute 
respiratory infection with yellow sputum that 
was reported as foul. Four days before admis- 
sion he had red swollen ankles with erythema. 
There was a persistent neutropenia with non- 
segmented polymorphonuclear cells, suggesting 
leukemia, nodes in the right hilar region, a 
spreading pulmonary lesion, an enlarged spleen, 
a continuous high fever (39° to 40° C.) with 
bradycardia followed by tachycardia and a 
terminal gangrene of the cheek. The patient 
died sixty-nine days after admission to hospital. 

The possible diagnoses to be considered were 
tuberculosis, metastatic carcinoma from some 
unknown origin, primary bronchogenic carci- 
noma, Hodgkin’s disease, aleukemic leukemia, 
myelogenous leukemia. Autopsy showed tuber- 
culosis, but not the usual type of adult tubercu- 
losis with predominant involvement of the 
apices with nodules or cavities. It rather re- 
sembled the primary tuberculosis of childhood. 
Apparently the patient became infected with 
tuberculosis only a few months before death. 
The caseous pneumonia of the right lower lobe 
represented the primary focus, this spread to 
the hilar nodes causing the mass. Hematoge- 
nous spread occurred to an extent that justified 
the term miliary tuberculosis. The fusospiro- 
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chetal gangrene of the right cheek was a termi- 
nal incident not connected with the primary 
disease.— Audrey G. Morgan. 


Perrone, J. A., and Levinson, J. P. Primary 
carcinoma of the lung (report of 115 cases, 
38 autopsies and 77 bronchoscopic biopsies). 
Ann. Int. Med., July, 1942, 77, 12-25. 

The authors present a study of 38 cases of 
primary carcinoma of the lung found on au- 
topsy and 77 cases diagnosed by bronchoscopic 
examination at Mercy Hospital, Pittsburgh, 
from IgI1 to 1939. 

Many forms of chronic irritation of the lung 
seem to cause cancer. There are about 3 cases in 
males to 1 in females and the proportion of 
women has not increased in recent years in 
spite of the fact that women smoke a great deal 
more. The total incidence of carcinoma of the 
lung has increased quite rapidly since the begin- 
ning of the century. The age of the patients in 
this series was from twenty-three to seventy- 
six. These tumors seem to be relatively rarer 
in the Negro than in the white race. 

About 70 per cent of the cases originate in 
the bronchi, and bronchoscopy is the one certain 
method of diagnosis. The physical findings may 
simulate those of any kind of lung disease. The 
chief roentgen finding is atelectasis of the lung. 
There was superimposed inflammation in about 
27 per cent of these cases. Diagnosis cannot be 
made by roentgen examination alone. 

The four cardinal symptoms are cough, he- 
moptysis, pain and dyspnea. Every family phy- 
sician should know that in any case of indefinite 
disease of the lung a most thorough examination 
should be made for carcinoma. If bronchoscopic 
and bioscopic examinations were made in all 
such cases these tumors would be detected 
much earlier when the prospects for successful 
treatment are better. 

Only 30 of the 77 cases examined in this series 
were i tire wi ‘oly 1 of them is alive three 
years after pneumonectomy. Surgery, however, 
is the treatment of choice as neither roentgen 
irradiation nor implantation of radium is very 
effective.—Audrey G. Morgan. 


OcusnerR, Arron, and DeBakey, MIcHAEL. 
Carcinoma of the lung. Arch. Surg., Feb., 
1941, 42, 209-258. 

Recently early diagnosis and improved surgi- 
cal management have rendered the prognosis 
in carcinoma of the lung relatively favorable as 
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compared with earlier cases, diagnosed late and 
treated with inadequately developed preopera- 
tive, anesthetic and operative techniques. This 
disease has become a significant problem in 
cancer therapy; its incidence is increasing, ab- 
solutely, to be second only to cancer of the 
stomach (autopsy series). 

Among the various suggested etiologic 
agents, insufficient evidence exists to incrim- 
inate influenza, tuberculosis, syphilis and in- 
halation of tar and benzene products. 

The importance of nonspecific pulmonary 
infections, bronchiectasis and chronic bronchi- 
tis, pneumoconiosis and trauma is doubtful. 
Smoking, especially cigarette smoking associ- 
ated with inhaling, is largely accountable for 
the increased incidence of pulmonary carcinoma 
in the authors’ opinion. 

Three-fourths of the cases are in males; four- 
fifths are between the ages of forty and seventy, 
but cases occur as early as the first decade. 

Carcinoma of the lung is bronchogenic in 
origin, arising centrally in most instances. A 
logical classification of these neoplasms is 
Halpert’s based on the development of the 
lining cells of the bronchus. According to this 
explanation, carcinomas arise by atypical pro- 
liferation from “‘reserve cells” (normally found 
beneath and developing into the ciliated cylin- 
drical and goblet cells) to result in (1) “‘reserve 
cell,” (2) cylindrical cell, or (3) squamous cell 
carcinoma. Metastasis occurs by direct exten- 
sion, through lymphatics, through blood stream 
and by “bronchial embolism.” Metastatic sites, 
in order of frequency are: regional lymph nodes 
(75.9 per cent), liver (33.4 per cent), bone (20.4 
per cent), adrenals, kidney, brain, heart and 
pericardium, and pancreas. The need for re- 
moval of regional nodes at the time of operation 
is evident. 

Bronchial carcinoma presents no characteris- 
tic symptomatology; the onset is usually in- 
sidious; the most constant symptom is cough, 
non-productive at first, later becoming produc- 
tive of mucoid, mucopurulent, blood tinged 
(hemoptysis is infrequent, however) or even 
foul sputum. Symptoms of an acute respiratory 
infection or indefinite thoracic pain are fairly 
frequent first symptoms; dyspnea is a late com- 
plaint, as are weight loss, weakness, cyanosis 
and pulmonary osteoarthropathy. Peripherally 
located tumors may produce evidences of 
pleurisy with effusion. Carcinoma of the lung 
must be seriously considered in any patient past 
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the age of forty who exhibits respiratory symp- 
toms; lung abscess without apparent cause 
should be counted of malignant origin until 
proved otherwise. The interval between onset 
of symptoms and death is usually cited in terms 
of months, but such an apparently rapid course 
is not necessarily an indication of the true dura- 
tion of the symptoms. Physical findings are also 
varied; obvious physical signs usually signify 
inoperability. 

A high index of suspicion is necessary for the 
early diagnosis of bronchial carcinoma. ““Where- 
as roentgenographic examination without the 
use of contrast mediums is usually of little or no 
value in the ear/y diagnosis of non-obstructive 
bronchial neoplasms; careful stereo-roentgeno- 
graphic studies are necessary for all such lesions. 
The roentgen interpretation of centrally located 
lesions is generally more difficult because of the 
confusion with hilar shadows produced by other 
lesions and by normal structures. This is par- 
ticularly significant because most pulmonary 
neoplasms occur in the hilar region.” Later, 
atelectasis develops due to bronchial obstruc- 
tion by the carcinoma. The high incidence of 
correct diagnosis by roentgen examination in- 
dicates the value of this procedure; tomographic 
studies are reported of value. Bronchoscopy 
and biopsy yield a positive diagnosis in over 70 
per cent of the cases. Bronchography is an ad- 
ditional, important means of diagnosis. Malig- 
nant cells can be recognized in sputum or 
pleural fluid by a pathologist trained in such 
methods. Aspiration biopsy carries with it the 
probability of spreading metastases to the 
pleura. 

The only curative treatment of pulmonary 
carcinoma is total surgical extirpation of the 
involved lung; excision of regional nodes is 
necessary. Irradiation “‘is of value in hopeless 
cases in alleviating the manifestations.” Ten 
days to two weeks preliminary to pneumonec- 
tomy artificial pneumothorax is instituted to 
compress the pulmonary capillary bed gradually 
and allow complete compensation of the cardio- 
vascular system before operation; this proce- 
dure also permits the determination of the 
presence and extent of adhesions. 

The authors state their preference for cyclo- 
propane inhalation anesthesia under positive 
pressure, an anterior approach and individual 
isolation of hilar structures. In 94 collected 
cases 38 patients recovered and 56 (59.5 per 
cent) died; of 24 patients in whom massive 
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ligation of hilar structures was done, § patients 
recovered from the operation and Ig (79.1 per 
cent) died; of 54 patients in whom individual 
ligation of hilar structures was done, 25 re- 
covered and 29 (53.7 per cent) died.—Henry G. 
Moehring. 


Scorr, WENDELL G., and LionBerGER, JOHN 
R., Jr. Studies of the pulmonary vessels by 
means of body-section radiography. Radio/- 
ogy, August, 1942, 39, 157-165. 

The pulmonary vessels can be visualized 
better by means of body section roentgenog- 
raphy than by conventional roentgenography 
because the former method blurs out the un- 
wanted shadows and leaves only the structures 
that are of interest in clear relief. 4 

Kieffer and Moore’s laminagraph was used 
in making a series of body section roentgeno- 
grams which are reproduced. First a series of 
conventional films was made in the postero- 
anterior, right and left anterior oblique and left 
lateral positions. By analyzing the location of 
the pulmonary vessels on these films it was pos- 
sible to determine the approximate levels in the 
various positions in which the sectional films 
were to be made. This provides a set of con- 
ventional films and one of sectional films of the 
pulmonary vessels for comparison. The spiral 
method was used to get maximum blurring of 
unwanted shadows. 

The size and degree of dilatation of the pul- 
monary vessels, particularly the arteries, are 
best shown in lateral sectional films. Dilatation 
is the only reliable objective sign of disease of 
the pulmonary arteries. It is primarily the 
pulmonary veins that are dilated, the arteries 
only slightly so, in patients with mitral stenosis 
and insufficiency from rheumatic heart disease. 

There is a great deal of variation in the nor- 
mal size, shape, position and course of the pul- 
monary vessels. The pulmonary veins are harder 
to visualize than the arteries because they are 
smaller, have shorter main trunks and are 
therefore in closer contact with the heart. 

It is hoped that this method of body section 
roentgenography will stimulate closer study 
and observation of the pulmonary circulation, 
resulting in a deeper knowledge of its diseases. 
—Audrey G. Morgan. 


Sranrorp, W. R., and Nate, Bropie C., Jr. 
Some notes on cystic disease of the lungs, 
with a report of one case. Ann. Int. Med., 
July, 1942, 77, 65-77. 
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A case of cystic disease of the lungs seen in 
Duke Hospital is described and illustrated with 
photographs of the autopsy specimens and 
roentgenograms. The chief emphasis is laid on 
the difficulty of differential diagnosis between 
congenital cysts, acquired cysts and extensive 
emphysema with formation of bullae. The dif- 
ferentiation is important as some forms of cyst 
of the lung can be treated surgically. 

The patient was a Negro of thirty-four who 
complained of shortness of breath and indiges- 
tion which had begun about four years before. 
He had slight wheezing at times and one physi- 
cian had diagnosed the condition as asthma. 
These cases may present a marked resemblance 
to asthma. 

Roentgen examination showed cysts in the 
left mid lung and throughout the right lung. 
The picture resembled that of congenital cystic 
disease of the lungs. An attempt was made to do 
a diagnostic pneumothorax on the right chest 
but unfortunately a spontaneous pneumothorax 
developed, the patient became much more 
dyspneic and died five days later. 

The pathologist reported that this resembled 
a case of acquired pulmonary emphysema. 
There is nothing in the history to indicate that 
the patient had any pulmonary malformation 
before the age of thirty. The most likely ex- 
planation seems to be that the elastic tissue of 
the lung was poor in quality and that at the age 
of thirty it had deteriorated so much that this 
extensive emphysema developed. 

Lack of pigment in the wall of a cyst is the 
only thing to show that it is congenital. But in 
this case there was no fluid in the cysts; they 
all contained air and therefore naturally pig- 
ment. An absolute diagnosis of congenital cyst 
cannot be made without roentgen evidence of 
such a lesion at birth. 

The mortality in these cysts is high. Infection 
is a serious complication. Of course if too much 
lung tissue is destroyed no medical or surgical 
treatment will do any good.—Audrey G. 
Morgan. 


Winn, A., and Jonnson H. 
Primary coccidioidomycosis; a roentgeno- 
graphic study of 40 cases. Ann. Int. Med., 
Sept., 1942, 77, 407-422. 


Human infection with Coccidioides immitis 
was first recognized fifty years ago but up until 
five years ago only the chronic disseminating 
form—coccidioidal granuloma—which has a 
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mortality of 50 to 60 per cent, was recognized. 

In 1937 Dickson identified the benign pri- 
mary form of the infection known as valley 
fever, which is endemic in the San Joaquin 
Valley of California, in Arizona and probably 
in other dry and dusty areas. The incidence of 
the disease will increase as more soldiers are 
sent to these regions. Transmission is by in- 
halation of the vegetative stage of the fungus 
with dust. It is not, so far as is known, trans- 
mitted from person to person or from animal to 
animal. 

There are no pathognomonic symptoms of 
the beginning of the infection. The symptoms 
resemble those of influenza or pneumonia or a 
severe cold. The characteristic erythema nodo- 
sum occurs in only about 2 to § per cent of the 
cases. The roentgen and anatomic changes re- 
semble those of tuberculosis, and in cases of 
suspected tuberculosis in which tubercle bacilli 
cannot be found in the sputum the possibility 
of coccidioidal infection should be considered. 
In most of the cases presented in this article 
Coccidioides immitis could be isolated from the 
sputum and there were positive skin reactions 
to coccidioidin. Roentgenograms of the authors’ 
40 cases are given. 

The mortality of primary coccidioidomycosis 
is low as it does not generally become progres- 
sive. When it does assume the acute dissemi- 
nating form it is probably always fatal and may 
run its course in from five weeks to seyen 
months. A photograph is given of the most 
virulent case they have seen, in a Filipino, 
thirty-six years of age. There were multiple 
miliary verrucous skin lesions over the face, 
upper trunk and limbs.— Audrey G. Morgan. 


Atrwoop, C. J., and Sarcent, W. H. Cystic 
fibrosis of the pancreas with observations on 
the roentgen appearance of the associated pul- 
monary lesions. Radiology, Oct., 1942, 39, 
417-425. 


Cystic fibrosis of the pancreas in infants and 
young children is not extremely unusual though 
its diagnosis is. The authors report 4 cases dis- 
covered in 125 consecutive autopsies. In only 1 
of these cases was the correct diagnosis sus- 
pected from the clinical or roentgen findings. 

The etiology of the pancreatic lesions is not 
definitely known but Andersen believes they 
are due to obstruction of small or large pan- 
creatic ducts. Though no etiological relationship 
has been proved between the pancreatic and 
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lung changes it is believed that if the association 
of this pancreatic disease with definite changes 
in the lungs were more widely known it would 
be possible to make the diagnosis more fre- 
quently from roentgen examination of the lungs. 
The best clinical method for the confirmation 
of the diagnosis is the demonstration of the 
absence of pancreatic trypsin and lipase in the 
duodenal juice. The lung changes, as described 
and illustrated in these cases, consist essentially 
of purulent bronchitis with bronchiectasis and 
bronchiectatic abscess formation and surround- 
ing pneumonitis. The changes are most marked 
around the hilum, decreasing in intensity to- 
ward the periphery. 

The authors’ patients ranged in age from 
three months to two years which is about the 
usual age for this disease. Therefore it is in this 
age group that the pulmonary changes described 
are most apt to be associated with cystic fibrosis 
of the pancreas.— Audrey G. Morgan. 


SwinEForD, Oscar, Jr., and HaArkRADER, 
Cuar_es J., Jr. Intrathoracic lipoma. Ann. 
Int. Med., July, 1942, 77, 125-129. 


Only 25 cases of wholly intrathoracic lipoma 
have been reported. The authors report a case 
in a man of sixty-two admitted to the Hospital 
of the University of Virginia in severe status 
asthmaticus with congestive heart failure which 
had lasted for ten days. For twenty-five years 
he had had asthma whenever he contracted an 
acute respiratory infection. Attacks had been 
relieved in 1937 and 1939 by bronchoscopy. On 
this admission, bronchoscopy was followed by 
a severe attack of asthma with shock, and the 
patient remained semi-comatose with frequent 
periods of Cheyne-Stokes respiration, cyanosis 
and pulmonary edema for six days and then 
died. 

Autopsy showed a large lipoma filling the 
base of the right thorax. The lipoma was not 
necessarily the primary cause of the asthma. 
Bronchial stenosis is known to be a cause of 
asthma and in this case there was stenosis of the 
middle lobe bronchus, apparently caused by 
inflammation and not by pressure from the 
tumor. The middle lobe had apparently not 
functioned for a long time as shown by the 
absence of pigment, and this suggests further 
doubt as to whether the asthma was caused by 
the lipoma. In a collection of 19 cases reviewed 
from the literature 5 showed some symptoms of 
asthma. 
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Roentgenograms taken during the final ill- 
ness showed a mass above the diaphragm but 
they did not show the decreasing density of the 
shadow from the center toward the periphery 
which is characteristic of intrathoracic lipoma. 
This finding was seen to a certain degree in 
roentgenograms taken in 1937.—<dudrey G. 
Morgan. 


KornB_uM, Danie.. Attempt at roentgeno- 
graphic visualization of the thoracic duct and 
cisterna chyli; theoretical considerations and 
preliminary observations. Radiology, Oct., 
1942, 39, 395-399- 

A large part of the fats absorbed from the in- 
testine passes through the lacteals and thoracic 
duct. It seemed to the author, therefore, that it 
might be possible to get a sufficient concentra- 
tion of iodine in the thoracic duct and cisterna 
chyli following the ingestion of iodized oil so 
that they could be demonstrated roentgeno- 
graphically. He reviews the anatomy of the 
duct and cistern and describes studies made 
with iodipin and lipiodol in an attempt to 
visualize them. But a shadow conforming to 
the anatomic position and size of the duct was 
seen in a roentgenogram of the chest in only 1 
out of 12 subjects after the administration of 
iodized oil. Further observations with lipiodol, 
however, failed to confirm this structure as a 
part of the thoracic duct. Further tests of the 
method are in order.—-4dudrey G. Morgan. 


Wuircoms, BenyjAMIN B., and Scovitte, WiL- 
L1AM B. Postoperative chylothorax. 
Surg., Nov., 1942, 45, 747-753: 

A case is described in a woman of thirty-nine 
in which sympathectomy was performed for 
hypertension. She was extremely emaciated 
and in the course of the operation the thoracic 
duct was torn. No attempt was made to suture 
it but silver clips were placed on both the proxi- 
mal and distal ends. The proximal end reopened 
after seven to ten days and repeated thoracente- 
sis was necessary in order to remove the chyle. 
On the seventeenth day after operation it was 
decided to reinject the citrated chyle. The pa- 
tient died within a few minutes of the beginning 
of the infusion. She presented asthma, dyspnea, 
cyanosis, chills and shock. Autopsy was not 
permitted so it was impossible to say definitely 
whether death was caused by anaphylaxis, fat 
embolism, or a foreign protein reaction but the 
clinical picture indicated anaphylaxis as the 
cause of death. 
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This method of treatment has been used in 
6 cases of postoperative chylothorax and 3 of 
the patients have died. They generally die of 
inanition rather than respiratory embarrass- 
ment. 

Intravenous injections of fat and protein 
should be given early in chylothorax to prevent 
rapid emaciation. If intravenous administration 
of chyle is used in the future the patient’s 
sensitivity should be carefully tested with an 
injection of § to 10 cc. and the infusion proper 
delayed for half an hour. The fat globules 
should be measured microscopically and speci- 
mens containing globules over 3 microns in 
diameter should be rejected; twenty-four hour 
cultures of the chyle should be made.— Audrey 
G. Morgan. 


ABDOMEN 


BiackrorD, Sraice D., Birp, Ropert Jr., 
and Cassce.is, S. Warp. Non-operative re- 
sults in ninety patients with abnormal 
cholecystograms. dun. Int. Med., June, 1942, 
76, 1118-1122. 


Records of 500 abnormal cholecystograms 
were found in the files of the Department of 
Roentgenology of the University of Virginia. 
Among the patients represented by these, 252 
were operated on. Ninety patients not operated 
on were followed up for an average time of six 
and a half years. The average age of the pa- 
tients was $50.3 years. In 25 of the cases the 
symptoms were mild, in 26 moderate and in 37 
severe. In 2 cases the records were not sufficient 
to grade the severity of the symptoms. 

After an average period of six and a half 
years medical, or rather non-surgical treatment, 
the results were satisfactory in 47.7 per cent of 
the entire 90 cases, in 52.5 per cent of those with 
poor function and 44.9 per cent of those with 
no function and in 42.8 per cent of those with 
cholelithiasis. 

Conceding the disadvantages of question- 
naire follow-up of patients and. the small num- 
ber of the cases, the authors still believe that 
these results indicate that the patient with un- 
complicated cholecystitis should be given a 
trial on medical treatment and if not promptly 
relieved he should be operated on.—Audrey G. 
Morgan. 


Horrman, H. S. Benign hepatoma. 4nn. Int. 
Med., July, 1942, 77, 130-139. 
Benign tumors of the liver are very rare and 
apparently only 58 cases have been described in 
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the medical literature of the world. They rarely 
cause symptoms unless they become large 
enough to cause signs of pressure on the liver or 
neighboring organs. 

The author describes a case in a woman of 
thirty-eight and reviews 3 cases from the litera- 
ture. His own patient came for treatment of a 
mild respiratory infection but said that recently 
she had been conscious of a sensation in her 
right upper abdomen, though there was no pain 
and she had no other symptoms referable to it. 
She thought she felt a mass in the right upper 
quadrant. Roentgenograms showed such a mass 
with a rounded lower pole. They did not show 
whether it was a prolongation of the liver or a 
separate mass. 

Operation showed a firm nodular tumor pro- 
jecting from the lower surface of an apparently 
normal liver. The tumor was shelled out with 
only moderate loss of blood. Microscopic ex- 
amination showed liver tissue presenting portal 
cirrhosis with active hepatitis and hyperplasia 
of bile ducts. 

It is impossible to say whether this tumor de- 
veloped from a congenital cell rest which later 
became inflamed or whether an area of focal 
necrosis became localized as an extrahepatic 
tumor. None of the cases heretofore described 
has shown this association of apparently normal 
liver tissue with an active pathological process 
in a histoid tumor.—-dudrey G. Morgan. 


Bowers, Ratpu F., Lorp, Jere W., Jr., and 
McSwain, Barron. Cystadenoma of the 
pancreas. Arch. Surg., 1942, 45, 111-122. 


Descriptions are given of § cases of cystade- 
noma of the pancreas treated at the New York 
Hospital in the past nine years. The patients 
were all women, ranging in age from thirty- 
seven to sixty-six years. Four of them had a 
history of disease of the bile tract and in 4 of 
them there was a visible, palpable mass in the 
left upper quadrant of the abdomen. Roentgen 
examination showed this mass and a gastro- 
intestinal series showed displacement of the 
stomach and transverse colon. An intravenous 
pyelogram in 1 case showed poor function of the 
left kidney, probably due to pressure of the cyst 
on the renal artery or vein, as it disappeared 
after operation. Three of the patients had 
diabetes which improved after operation in 1 
case and was readily controlled by insulin in all. 

The splenic vein is dilated and intimately re- 
lated to the wall of the cyst in these cases. In 
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I case injury to this vein during the operation 
caused the death of the patient. The other 
patients are all living and well up to as much as 
two and a half years after the operation. 

Photomicrographs show the typical picture 
of cystadenoma of the pancreas._dudrey G. 
Morgan. 


Rasinovitcu, J., and Pines, B. Cysts of the 
pancreas. Arch. Surg., 1942, 45, 727-746. 


Seventeen cases of cysts of the pancreas seen 
at the Jewish Hospital in Brooklyn are de- 
scribed and illustrated with photomicrographs. 

Eleven of the cases were pseudocyst, 2 cyst- 
adenoma, 2 retention cyst, I inclusion cyst and 
1 pseudocyst with malignant degeneration, 
which is rare. Inclusion cyst is a form not here- 
tofore described in the literature. It originates 
from Brunner’s glands included in the pancreas 
as a result of some defect in embryonic develop- 
ment. 

These cysts are usually seen in middle life. 
The ages of these patients varied from twenty- 
one to seventy-six years, the average being 
45.4 years. Fourteen were females and 3 males. 
There is some evidence to show that trauma is 
a factor in the causation of these cysts. Chole- 
cystitis and pancreatitis are also etiological 
factors. 

Diagnosis is rather difficult as the symptoms 
resemble those of other intra-abdominal tumors. 
The presence or absence of pancreatic enzymes 
in the cyst fluid is not conclusive. The patients 
generally have a history of transient attacks of 
pain and some of them show loss of weight, 
constipation or diarrhea, nausea and vomiting 
and jaundice. The cysts, as a rule, are relatively 
immobile, though when they are in the tail of 
the pancreas they may be freely movable. 
Roentgen examination is of great value. If the 
tumor is in the head of the pancreas the duo- 
denal curve is enlarged and there are definite 
changes in the angle of the duodenum. Dis- 
placement of the duodenum and small intestine 
indicates cyst of the pancreas. In 6 of the pa- 
tients in this series roentgen examination 
showed a mass in the region of the pancreas. 

The correct diagnosis was made in 4 cases 
before operation; mistaken diagnoses included 
carcinoma of the pancreas, retroperitoneal 
tumor, ovarian cyst or fibromyoma of the 
uterus, peptic ulcer, acute pancreatitis, acute 
cholecystitis, chronic appendicitis and retro- 
peritoneal sarcoma or cyst of the pancreas. 
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The ideal treatment is complete removal of 
the cyst if possible. If the cyst is large and ad- 
herent marsupialization is the treatment of 
choice. The prognosis is good in benign cysts 
but of course bad in the infrequent cases of 
malignant cyst.—Audrey G. Morgan. 


Faust, D. B., and Branpstapt, W. G. A case 
of pancreatic lithiasis. 4nn. Int. Med., July, 
1942, 77, 148-152. 

Though 113 or more cases of pancreatic 
lithiasis have been described only 4 have been 
diagnosed by roentgen examination before 
operation, and 30 during operation, as the 
symptoms are very indefinite. 

A case is described in a Negro, aged forty- 
five, who had been hospitalized repeatedly for 
“stomach trouble” since 1918. He had severe 
epigastric pain which at first was not related to 
the taking of food but later was caused even 
by the sight or smell of food. 

Films of the gastrointestinal series showed a 
solitary calcified nodule in the liver and fine 
and medium sized calcified areas in the region 
of the pancreas. Lateral and oblique views 
proved the calcifications were in the pancreas. 

Surgery was advised but refused, but about 
eighteen months later the patient had an attack 
of such agonizing pain that he consented to 
operation. One small white calculus was re- 
moved from the pancreas, but others in the 
terminal ducts could not be removed. About 
ten weeks after operation there was a sudden 
return of pain, probably due to blocking of the 
pancreatic duct by another stone. Another 
operation has been advised, though it is 
doubted whether there is any hope for perma- 
nent cure with stones distributed as in this case. 
—Audrey G. Morgan. 


Pucu, Davin G. A roentgenologic aspect of 
pseudomyxoma peritonaei. Radiology, Sept., 
1942, 39, 320-322. 


Pseudomyxoma peritonaei is a condition in 
which masses of gelatinous or myxomatous 
material, usually originating from a pseudo- 
mucinous cystadenoma of the ovary or a 
mucocele of the appendix, are distributed over 
the surface of the peritoneum in the form of 
multiple cysts of various sizes. It has hereto- 
fore not been possible to diagnose this condition 
by roentgen examination but a case is described 
in a man of thirty-two in whom such a diagnosis 
was made at the Mayo Clinic. The roentgeno- 
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grams showed many annular shadows of calcifi- 
cation throughout the abdomen, particularly in 
the pelvis. Also distributed throughout the 
abdomen but most marked in the upper part, 
were shadows of large masses of soft tissue. 

Another case is described in a woman of 
fifty in which the roentgenogram was similar 
but in her case there was a questionable dif- 
ferential diagnosis from peritoneal parafiinoma. 
She had had several abdominal operations, 
and after the last one a bottle of some substance 
had been poured into the peritoneal cavity to 
prevent adhesions. It is questionable whether 
this was mineral oil which sometimes causes a 
chronic chemical peritonitis. At first the patient 
seemed to be benefited by roentgen treatment 
which would indicate pseudomyxoma rather 
than paraffinoma, but recently she has had no 
benefit from irradiation. 

Roentgen examination is diagnostic in these 
cases only because of the multiplicity of the 
cysts and their wide distribution.—Audrey G. 
Morgan. 


Simeone, F. A. Perinephric abscess. Arch. 
Surg., Sept., 1942, 45, 424-442. 


The author divides cases of perinephric 
abscess into simple and complicated. In the 
former group the infection has reached the 
perinephrium from distant foci, but cases are 
also included in which it has reached it by ex- 
tension from metastatic abscess or carbuncle 
of the kidney. Complicated abscesses are those 
that have reached the perinephrium by direct 
extension from diffuse pyelonephritis or pyo- 
nephrosis or by direct or lymphatic extension 
from adjacent or nearby foci. 

Sixty-six cases seen at the Peter Bent Brig- 
ham Hospital in the past twenty-eight years 
are analyzed. If there is fever and pain in the 
flank perinephric abscess should be considered. 
Fever, leukocytosis, increased sedimentation 
rate of erythrocytes, and tenderness in the loin 
are almost always found. Roentgenograms and 
laboratory findings are only corroborative. 
Fixation of the kidney and diaphragm may be 
seen if the abscess is near the upper pole of the 
kidney but not necessarily if it is around the 
lower pole or anteriorly in the perinephrium. 
Anterior displacement of the kidney has also 
been reported but an abscess may be anterior 
and not cause this sign. 

In roentgen examination great care must be 
exercised in exposing lateral films as a very 
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slight deviation from the true lateral may pro- 
ject the kidney shadow far from its true posi- 
tion and suggest displacement that does not 
exist. 

These patients are generally in poor condition 
as the primary disease has existed for a long 
time. At the first operation as little as possible 
for adequate drainage of the abscess should be 
done. If drainage of the kidney or nephrectomy 
is necessary it should be done as a secondary 
operation. 

Among the cases of simple perinephric abscess 
in this series there was no mortality resulting 
from the abscess. Two patients died from other 
causes. For the entire group the mortality was 
15 per cent. The mortality in complicated peri- 
nephric abscess may be from 14 to $0 per cent. 
—Audrey G. Morgan. 


STEINBERG, CHARLES LeRoy. The value of 
splenectomy in Felty’s syndrome. Ann. Int. 
Med., July, 1942, 77, 26-40. 


In 1924 Felty described a disease charac- 
terized by polyarthritis of the atrophic variety, 
fever, secondary anemia, leukopenia, splenomeg- 
aly and. tachycardia. The disease is a constitu- 
tional one with all the symptoms of chronic 
infection. 

Three cases are described ‘and roentgeno- 
grams of the joints and photomicrographs of the 
spleen and bone marrow given. The roentgeno- 
grams are very much like those of atrophic 
arthritis. The bone marrow may be either de- 
pressed or hyperplastic. If it is inactive of 
course splenectomy could be of no value but 
bone marrow stimulants should be used. 

The bone marrow was hyperplastic in 2 of 
the cases here described. Though cells were pro- 
duced in abundance by the bone marrow there 
was apparently some obstacle to their passing 
into the peripheral circulation. On the theory 
that this obstacle was the spleen splenectomy 
was performed in 1 of the cases. Operation was 
followed by improvement in the blood picture 
and general health. The arthritis was not af- 
fected. Two cases of operation for Felty’s syn- 
drome described in the literature were followed 
by death.— Audrey G. Morgan. 


Giss, Witi1aM T., Jr. A theory concerning the 
manner in which the stomach empties itself. 
Ann. Int. Med., Jan., 1942, 76, 94-103. 


The author reviews the various theories that 
have been advanced to explain the emptying 
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of the stomach and discusses a theory of his 
own based on 750 stomach examinations made 
at St. Luke’s Hospital and Knickerbocker 
Hospital, New York City, with the Wolf- 
Schindler flexible gastroscope between Febru- 
ary, 1938, and September, 1940. 

He does not believe that the peristaltic wave 
is powerful enough to eject the stomach con- 
tents. The pylorus is open practically all of the 
time and closes only for about a second after 
each emptying of the stomach. Apparently its 
only function is to prevent reflux from the duo- 
denum. 

Gastroscopic examination has shown a new 
structure in the stomach called the musculus 
sphincter antri, running at right angles to the 
long axis of the stomach just opposite the in- 
cisura angularis and extending about half way 
up the anterior and posterior walls. This 
musculus is not found postmortem and does not 
seem to be different histologically from the rest 
of the stomach wall. It seems to be a functional 
structure with some definite use in the function 
of emptying the stomach. 

When the duodenum is in proper condition to 
receive the stomach contents or when the 
stomach contents are in proper condition to be 
passed on, this musculus sphincter antri con- 
tracts forcibly, dividing the stomach into two 
compartments. At this time what may be 
termed a systole of the antrum takes place and 
the liquid food is squirted into the duodenum 
under considerable pressure. 

This theory cannot be proved with the ap- 
paratus now available. To prove that during 
the systole of the antrum hydraulic pressure is 
increased there as compared with that in the 
body of the stomach would require something 
much more sensitive than the double balloon 
apparatus.—-dudrey G. Morgan. 


Biscarp, J. Dewey, Matson, Guy M., and 
HirscHMANN, JERoME. Adynamic ileus and 
thermal influences on gastric and intestinal 
motor activity. ¥. 4m. M. Ass., Feb. 7, 1942, 
118, 447-451. 


The terms adynamic ileus and paralytic ileus 
are used to designate a condition characterized 
by distention and relative inactivity of the 
bowel. It was found that the Miller-Abbott 
tube traveled down the small bowel as readily 
and rapidly in the patient with so-called para- 
lytic ileus as in the patient with normal in- 
testinal function. For a logical explanation it 
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must be assumed that in a state of ileus the 
stretching of the bowel wall from distention is 
in large measure responsible for the lack of 
motor activity. Another incongruous situation 
is observed in the relief of ileus which may fol- 
low the paralysis induced by spinal anesthesia. 
By inducing paralysis, spinal anesthesia pre- 
sumably releases the inhibiting action of the 
dorsolumbar sympathetic nervous system on 
the motor activity of the bowel and leaves the 
vagus unopposed. It is probable, therefore, that 
ileus results, at least in part, from an imbalance 
between the antagonistic actions of the dual 
innervation of the bowel. Complete paralysis 
of the bowel does occur in the presence of dif- 
fuse or generalized peritonitis. 

The authors made continuous kymographic 
recordings of gastric and intestinal motor ac- 
tivity. These recordings registered the varia- 
tions in pressure exerted on indwelling com- 
pressible rubber balloons by the peristaltic con- 
tractions of the viscera studied. 

In previously reported studies it was shown 
that ether, nitrous oxide and barbiturates have 
an inhibiting action, while spinal anesthetics, 
cyclopropane and avertin with amylene hydrate 
have either a stimulating effect or no appreci- 
able effect. 

A detailed account of the influence of hot and 
cold applications on gastric and intestinal motor 
activity and on the secretion of hydrochloric 
acid was made in a previous communication. 
In the present study heat applied to the ab- 
dominal wall inhibited motor activity of the 
stomach, the small bowel and the colon, cold 
stimulated tonus and peristaltic activity. When 
heat or cold was applied directly to the wall 
of the stomach by having the patient drink hot 
or cold water the responses were reversed. 

If it is beneficial, as is generally believed, to 
inhibit the motor activity of the gastrointestinal 
tract and thereby place it at rest as far as pos- 
sible in the presence of inflammatory lesions, 
such as appendicitis and peritonitis, and of 
bleeding lesions, such as bleeding peptic ulcer, 
then hot applications and not ice bags are in- 
dicated. The increase in gastric acidity which 
follows chilling of the body surfaces may ex- 
plain the recurrence of peptic ulcer in the fall 
and the spring, when there are rapid and radical 
changes in temperature.—S. G. Henderson. 


Duptey, Guitrorp S., Laurence, 
and Morse, Staney F. Benign tumors of the 
stomach. Arch. Surg., Nov., 1942, 45, 702-726. 
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There are various estimates as to the relative 
frequency of benign and malignant tumors of 
the stomach. Among 4,413 autopsies done at 
Bellevue Hospital in five years 22 per cent of all 
gastric tumors seen were benign. A comparison 
of the records of 76,077 adult medical and 
surgical patients admitted to the same hospital 
during three years and seven months showed 
that 456 had been operated on for tumors of 
the stomach and that only 6 of these, or 1.3 per 
cent, were benign. This difference between 
autopsy and clinical records is probably due to 
the fact that a great many of these tumors 
cause no symptoms and never come to opera- 
tion. Probably about 15 to 20 per cent of tumors 
of the stomach are benign. 

The authors discuss 108 cases of benign 
gastric tumor seen at Bellevue Hospital. Of 
these, 76 were only found on microscopic ex- 
amination at autopsy. Forty-two of these pa- 
tients had been free of symptoms while in 18 
the symptoms suggested ulcer, gastritis or ma- 
lignant tumor. As a matter of fact, these condi- 
tions frequently coexist with benign tumors of 
the stomach. This of course makes diagnosis 
difficult. 

In 30 per cent of the other 32 cases, the diag- 
nosis was made before operation while in the 
others it was made during operation. Half of 
the latter group of cases had been diagnosed 
as carcinoma. The roentgen findings may 
closely resemble those of carcinoma. 

Gastric hemorrhage (seen in 40 per cent of 
the cases) was the most frequent symptom. It 
resembles the massive hemorrhage of ulcer 
rather than the slow bleeding of carcinoma. 
There was obstruction of the pylorus in about 
30 per cent of the cases which was frequently 
intermittent. In roentgenograms of these cases 
a filling defect with gastric residue often gave a 
picture resembling that of carcinoma. 

Eight cases of different types of benign tumor 
of the stomach are described in detail and il- 
lustrated with roentgenograms and photomicro- 
graphs. 

All benign tumors of the stomach should be 
treated surgically because of the danger of 
severe hemorrhage and malignant degeneration. 
Local excision is sufficient for most of the types 
of tumor but the percentage of malignant de- 
generation is unusually high in sessile adenoma- 
tous polyps at the pylorus. Resection of the 
stomach is indicated in this group of cases.- 
Audrey G. Morgan. 
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Poppet, M. H., and Starr, S. Roentgen mani- 
festations of acute infectious mononucleosis 
in the abdomen. Radiology, Oct., 1942, 39, 
437-439. 


Acute mononucleosis or acute glandular 
fever is an infectious disease the causative 
agent of which is unkhown. It occurs mostly in 
children and young adults and is characterized 
by fever, enlarged glands and particularly a 
monocuclear leukocytosis with a reduction of 
the polynuclear granular cells to from 2,000 to 
4,000 per cu. mm. There is a specific agglutina- 
tion test (herterophile test) which is practically 
pathognomonic in high titers if the patient has 
not been given serum. 

Abdominal symptoms are not unusual and a 
case is reported in this article in a male nurse 
twenty years of age who had been working 
with another male nurse who had just recovered 
from mononucleosis. He came to the hospital 
August 17, 1939, with a history of diarrhea and 
diffuse pain in the upper abdomen for three 
days. Roentgen examination showed displace- 
ment of the descending duodenum to the right 
and backward and a pressure defect on the 
lower surface of the left half of the transverse 
colon. These findings suggested multiple ab- 
dominal masses outside the intestinal tract in 
the region of the head of the pancreas. Re- 
peated blood counts were normal. On Decem- 
ber 3, 1939, a heterophile reaction was first 
obtained, showing agglutination in a dilution 
of 1:64. This was thought to prove the diag- 
nosis of acute mononucleosis of the abdominal 
type. A month later, in January, 1940, a § per 
cent mononuclear count was found.— Audrey G. 
Morgan. 


SmepaL, Maonus I. Pyloric ulcers. Radiology, 
August, 1942, 379, 200-207. 


Peptic ulcers sometimes occur in the pyloric 
valve that show certain roentgen characteris- 
tics that differentiate them from both duodenal 
and prepyloric ulcers. This differentiation is 
very important because these pyloric ulcers 
are in the great majority of cases benign while 
the prepyloric ulcers are for the most part 
malignant. The author does not believe that 
patients with pyloric ulcer should be subjected 
to resection of the stomach on the chance of 
discovering malignant changes which exist in 
only relatively few of the cases. 

To illustrate his point he gives roentgeno- 
grams of Io such cases of acute pyloric ulcer. 
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All showed certain distinctive roentgen char- 
acteristics, such as deformity of both the pre- 
pyloric area and the base of the cap; distortion 
and broadening of the pyloric sphincter, es- 
pecially as healing takes place, and a penetrating 
type of ulcer crater, usually on the lesser side of 
the sphincter. All of these cases proved to be 
benign, which tends to confirm his theory.— 
Audrey G. Morgan. 


Poppet, M. H., and Bercow, CE 14. Perfora- 
tion of peptic ulcer. Radiology, August, 
1942, 39, 221-225. 

Perforation may be the first definite sign of 
ulceration and is a very serious complication. 
Perforations may be acute, subacute or chronic. 
Acute perforation may be shown on a simple 
abdominal film made in the upright or semi- 
upright position by the presence of free air 
under one or both halves of the diaphragm, or 
it may be shown by the presence of free air 
between the right lateral wall of the abdomen 
and the liver in anteroposterior films made with 
the patient in the left lateral recumbent posi- 
tion. But free air under one or both halves of the 
diaphragm does not necessarily prove per- 
forated ulcer. The differential diagnosis from 
other conditions that produce the same effect is 
discussed. The administration of contrast me- 
dium is generally necessary for the demonstra- 
tion of the subacute and chronic forms. Internal] 
fistulae sometimes form gradually from perfora- 
tion and are discovered by chance on the ex- 
amination of old people. 

A series of roentgenograms is given showing 
the different types of perforation seen by the 
authors and illustrating the diagnostic roentgen 
features.— Audrey G. Morgan. 


STEIGMANN, FREDERICK. Treatment of large 
gastric ulcers. Arch. Surg., Nov., 1942, 45, 
764-775. 

The author is convinced that large ulcers of 
the stomach should always be operated on. 
While it is true that only a small percentage of 
gastric ulcers undergo malignant degeneration, 
the fact that it occurs at all makes the presence 
of such ulcers a risk to all patients. Neither 
clinical, laboratory nor roentgen examination 
can differentiate accurately between benign and 
malignant lesions. Achlorhydria may occur in 
patients with benign gastric ulcer and patients 
with malignancy may have a free hydrochloric 
acid up to 40 degrees. Illustrative roentgeno- 
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grams are given showing the impossibility of 
differentiation between benign and malignant 
ulcers by roentgen examination. 

But leaving aside the question of malignancy, 
there is the ever-present danger of hemorrhage 
in large gastric ulcers. The mortality from such 
hemorrhages is almost 50 per cent. This is be- 
cause such bleeding generally occurs in elderly 
people with sclerotic vessels and the vessels are 
apt to be embedded in scar tissue which pre- 
vents spontaneous contraction. Moreover, these 
ulcers heal poorly and the patients are rendered 
chronic invalids. These ulcers may perforate 
into the abdominal cavity or penetrate into 
neighboring organs, causing death or anatomic 
deformities that result in permanent invalidism, 
and even if they heal they may cause tobacco- 
pouch stomach or hour-glass stomach which re- 
quire operation. 

Therefore such ulcers should always be 
operated on at an early stage. This conclusion 
is based on a study of over 400 cases seen at 
Cook County and other hospitals in Chicago 
over a period of ten vears. 

High gastrectomy is the treatment of choice 
in the majority of cases. In recent years spinal 
anesthesia has been used most frequently in 
these operations.—Audrey G. Morgan. 


Fak, Vicror S. Familial polyposis of the colon. 
Arch. Surg., July, 1942, 45, 123-128. 


A study is made of a family of 7 children, 6 
of whom had congenital polyposis of the colon. 
The history on the maternal side was negative. 
The paternal grandfather died at the age of 
thirty of what was reported as cholera morbus. 
The father died at forty-eight of carcinoma of 
the rectum after a long history of diarrhea with 
blood and mucus which was suggestive of multi- 
ple polyposis. 

Three of the 6 children affected were males 
and 3 females. In 2 of them malignant changes 
developed in the polyps. These patients were 
both males but they were also the two oldest 
children. The oldest of the children was thirty 
and the youngest ten at the time of the exami- 
nation. The polyps in the ten year old girl were 
very small. 

The 2 oldest patients who showed malignant 
changes were operated on and died. In the third 
a successful ileocolostomy was performed but 
she says she will not be operated on again. In 
the fourth a permanent ileostomy was estab- 
lished and she will probably submit to total 
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colectomy later. The fifth, a boy of twenty-one, 
has not yet decided whether he will accept 
operation and the ten year old girl will be kept 
under observation until she is older. 

The diagnosis in these cases is established by 
sigmoidoscopy and roentgen examination of the 
colon. Because of the tendency to malignant 
degeneration permanent ileostomy should be 
established and total colectomy and posterior 
resection of the rectum performed later.— 
Audrey G. Morgan. 


HENDERSON, SAMUEL G., and Briant, W. W., 
Jr. The colon in the healthy newborn infant. 
Radiology, Sept., 1942, 39, 261-272. 


The authors studied the colon in 105 healthy 
newborn infants by means of barium enema, 
which is very much superior for the purpose to 
the barium meal. The children were given a 
cleansing enema in the nursery and then the 
opaque enema was given by passing a small 
rubber catheter through a hole in a rubber 
stopper which is passed 1} to 2 inches into the 
anus and held in place by manual pressure 
while the enema is given. Two to 2} ounces of 
barium mixture completely fill the colon of the 
newborn infant. 

Eighty-one of the infants showed definite 
haustral markings, though usually they were 
less pronounced than in the adult. Redundancy 
of the colon was found in almost all cases. A 
table is given showing the size of lumen, degree 
of redundancy, position in the abdomen, length 
and height of the upper flexure in relation to 
the position of the vertebrae. There was fre- 
quently redundancy of the descending colon, 
splenic flexure, and transverse portion, while 
the sigmoid was practically always redundant 
in early infancy and the heptatic flexure almost 
as frequently. The cecum was found in the 
right iliac fossa in 50 per cent of the infants; in 
25 per cent it was above the crest of the ilium 
but a true subhepatic cecum was not found. The 
appendix was seen in 23 cases; the terminal 
ileum was easily visualized. 

Nineteen of the infants were re-examined 
after three months to one year. Conclusions 
cannot be drawn from so small a number of 
cases but redundancy of the colon was less 
marked in this group, probably because of 
growth of the body in length. Further group 
studies should be made of children of different 
ages in order to follow up the further develop- 
ment of the colon.—Audrey G. Morgan. 
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Boustoc, Joun S. The normal stomach and 
small intestines in the infant. Radiology, 
Sept., 1942, 39, 253-260. 


Little attention has been paid to the study 
of the normal gastrointestinal tract in the in- 
fant and young child. In studying the roentgen 
pattern of the gastrointestinal tract, the author 
was struck by the differences from the adult 
pattern. He therefore made _ photographic 
studies of the gastrointestinal tract in fetuses 
and infants who died at birth or shortly there- 
after. Photographs, photomicrographs and 
roentgenograms of such tracts are reproduced. 

Anatomists have generally claimed that the 
stomach of the newborn child lies vertically 
with the greater curvature to the left and the 
lesser curvature to the right. It is also claimed 
that the infant’s stomach does not have a 
fundus. The author’s roentgen examinations 
showed that in the infant the stomach is high in 
the abdomen, and usually transverse in position 
with the lower border of the greater curvature 
above the level of the third lumbar vertebra. 
The fundus and subdivisions of the stomach can 
be recognized definitely. The rugae are present 
and increase in development with the growth 
of the fetus. The musculature is poorly de- 
veloped. The duodenum is not yet differen- 
tiated. Both the jejunum and ileum are small 
coiled narrow tubes. The pylorus is well de- 
fined. In the infant at birth there is a change in 
the character of the mucosal folds at the junc- 
tion of the jejunum and ileum.—Audrey G. 
Morgan. 


Deamer, Wm. C., and Capp, Cnuartes S. 
Clinical aspects of gastro-intestinal disease 
in childhood. Radiology, 1942, 39, 273-277. 


The author discusses the clinical aspects of a 
number of gastrointestinal conditions in child- 
hood which may be encountered by the 
roentgenologist, including celiac disease, or 
chronic intestinal indigestion, Hirschsprung’s 
disease, or hypertrophy and dilatation of the 
colon, intussusception, peptic ulcer, Meckel’s 
diverticulum, rheumatic abdomen, mesenteric 
lymphadenitis and abdominal allergy. The dis- 
cussion is confined to the clinical, not the roent- 
gen findings. 

In closing the discussion on the series of 
articles on gastrointestinal diseases in child- 
hood, Dr. Henderson said he had been asked 
“What is a normal colon?” and was obliged to 
answer that he did not know. The question 
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could be answered only by serial studies on the 
same group of children over a period of several 
years. The sigmoid tends to change its position 
in the abdomen from time to time but this can 
be shown only by serial examinations. As to 
the question of how long the apparent elonga- 
tion of the sigmoid persists, none of the children 
studied were examined after more than a year 
and he cannot give any statistics on the subject. 
—Audrey G. Morgan. 


SpreEsMAN, Manuet G., and RuBENSTEIN, 
Hyman I. Hodgkin’s lymphogranuloma (rec- 
tal stricture). 4nn. Int. Med., August, 1942, 
175 349-358. 


Hodgkin’s disease of the gastrointestinal 
tract is rare and stricture of the rectum caused 
by this disease is so rare that the case reported 
here is the third one known. The etiology of the 
disease is not known. 

Hodgkin’s rectal structure must be differen- 
tiated from carcinoma of the rectum, lympho- 
pathia venereum, ulcerative proctitis and colitis, 
amebic granuloma, tuberculous and syphilitic 
stricture of the rectum and post-irradiation 
stricture. 

The authors’ case was in a young woman of 
twenty-four who first came for treatment in 
November, 1931, for dry cough with no history 
of respiratory infection. The picture was such 
as to suggest either leukemia or Hodgkin’s dis- 
ease. Examination of an excised cervical lymph 
node August 4, 1932, showed the changes typi- 
cal of early Hodgkin’s lymphogranuloma. A 
biopsy from the perirenal region taken some 
three weeks later showed a much more ad- 
vanced stage of the disease. 

Deep roentgen treatment was given under 
which she improved greatly and the next 
summer (1933) she became pregnant and was 
delivered of a normal baby on May 17, 1934. 
Labor and the puerperium were moderately 
febrile and during the three months following 
delivery oliguria developed, accompanied by 
increasing pain in the abdomen and left lumbar 
region with progresssive edema of the legs. A 
gastrointestinal roentgen examination did not 
show anything abnormal. 

On August 15, 1943, pyelography showed 
that the left kidney was not functioning. Glands 
were found compressing the left kidney and 
ureter and a biopsy specimen showed the pic- 
ture of Hodgkin’s disease. 

Under deep roentgen treatment she improved 
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and gained weight until the summer of 1939 
when she complained of tenesmus and mucosan- 
guineous stools. In March, 1939, rectal exami- 
nation showed a firm constricting ring in the 
ampulla of the rectum. Further roentgen treat- 
ment was given. 

The question arises as to whether the con- 
stricting rings were caused by the Hodgkin’s 
disease or the irradiation, but biopsy specimens 
showed that the Hodgkin’s infiltration had ex- 
tended from the abdominal and pelvic lesions. 

From this time the course was retrogressive 
with fever, abdominal pain, tenesmus and stools 
containing blood and mucus, followed by pro- 
gressive emaciation with bronchial congestion. 
The patient died January 11, 1940, more than 
eight years after the beginning of the disease. 
Autopsy was not permitted.—Audrey G. Mor- 
gan. 


Menne, Frank R., Mason, Davin G., and 
Jounsron, Rosertr. Lymphosarcoma of the 
intestine. Arch. Surg., Dec., 1942, 45, 945- 
956. 


Tumors of the small intestine are relatively 
rare as compared with those of the stomach and 
large bowel, due to the anatomic and functional 
nature of the small intestine. 

The authors describe 2 cases of lympho- 
sarcoma of the small intestine. The first was in 
a man of forty-two who reported that he had 
had bilious attacks associated with nausea and 
vomiting since childhood. Later he had consti- 
pation necessitating excessive use of cathartics, 
and for three months before examination he 
had had a dull ache in the abdomen sometimes 
increasing to sharp pain. An indefinite mass was 
felt in the right side of the abdomen. A roent- 
genogram showed the terminal 8 inches of the 
ileum somewhat dilated, suggesting partial ob- 
struction. The mucosa of this part of the ileum 
was mottled, suggesting inflammation. A diag- 
nosis of terminal ileitis was made and operation 
performed. The mass found in the terminal 
ileum on operation proved on histological ex- 
amination to be a very malignant lymphosar- 
coma. The terminal ileum, the cecum and a 
part of the ascending colon were removed and 
the ends of the uninvolved parts of the ileum 
and colon sutured together. The patient re- 
covered after 155 days of hospitalization and is 
free of recurrence after four years. 

The other patient was a male high school 
student seventeen years of age, who complained 
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chiefly of flatus and constipation. He had atypi- 
cal signs of incomplete obstruction, such as 
tenderness, pain, tympanites, nausea and 
vomiting, and a diagnosis of intestinal obstruc- 
tion was made. A tumor of the ileocecal valve 
removed on operation proved to be a primary 
lymphosarcoma. The patient died and autopsy 
showed recurrent metastatic lymphosarcoma of 
the peritoneum, heart, anterior mediastinum, 
mesentery and retroperitoneal organs and tis- 
sue. 

Only about 376 authentic cases of lympho- 
sarcoma of the small intestine have been re- 
ported. The authors found only 1 case among 
38,076 surgical tissues and 11,446 autopsies. 
Their second case was seen soon after this in- 
vestigation was made.— Audrey G. Morgan. 


Miter, R., and HErrMANN, WALTER W. 
Argentaffin tumors of the small bowel; a 
roentgen sign of malignant change. Radiology, 
August, 1942, 39, 214-220. 


Carcinoids or argentaffinomas are rare tumors 
that originate in the argentaffin cells, so named 
because of their affinity for silver, found at the 
bases of the crypts of Lieberkiihn in the gastro- 
intestinal tract. They are generally benign and 
of no clinical importance. But the authors have 
seen 3 cases of malignant small bowel carcinoids 
which they describe in detail, one in a man of 
fifty, one in a woman of fifty-five and one in a 
man of sixty-seven. 

Generally these patients are middle-aged, 
though cases have been seen at all ages from ten 
days up. They complain of long-standing gase- 
ous distention, bloating, periumbilical pain and 
steadily increasing loss of weight. The roent- 
genogram shows the small bowel distended with 
gas and fluid up to a point of partial obstruc- 
tion. Careful examination at the site of obstruc- 
tion shows a small filling defect and the bowel 
is found to be kinked. The diagnosis is suggested 
by the association of kinking and tumor of the 
bowel.—Audrey G. Morgan. 


SKELETAL SYSTEM 


Sussman, Marcy L., and Copieman, BEnyja- 
MIN. The roentgenographic appearance of the 
bones in Cushing’s syndrome. Radiology, 
Sept., 1942, 79, 288-292. 


The authors discuss 7 cases of Cushing’s 
syndrome seen at Mt. Sinai Hospital. They 
were all in adult females, as the majority of 
cases of this disease are. The clinical features 
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are increased fat on the trunk, vascular hyper- 
tension, amenorrhea, purplish stripes on the 
abdomen, choleric facies, varying degrees of 
hirsutism, acneiform eruptions on the face and 
trunk and decreased sugar tolerance. The 
characteristic roentgen change is osteoporosis. 
Six of the authors’ patients showed osteoporosis, 
which was most frequent in the skull but most 
marked in the spine and ribs. In 1 case the 
femora and humeri were also involved. The 
osteoporosis of the skull, seen in 5 of the 7 cases, 
was irregularly distributed, occurring most fre- 
quently in the frontal and parietal regions. The 
osteoporotic areas were roughly triangular in 
shape, or in some cases roughly circular, re- 
sembling cancer metastases. 

The osteoporosis of the spine was barely 
visible in some cases while in others it was so 
severe as to have caused compression fractures 
of the bodies of the vertebrae. There was a 
characteristic change in the anterior ends of the 
lower ribs near the costochondral junctions. 
The ribs were expanded to about twice their 
normal size for a distance of about an inch and 
this area was outlined by a calcified shell. The 
roentgen and histological picture was that of 
callus. 

Nearly all cases of Cushing’s syndrome re- 
ported in the literature are associated with 
basophilic pituitary adenoma. 

Four of the authors’ patients presented carci- 
noma and 3 adenoma of the adrenal cortex, :as 
proved on operation or autopsy.—Audrey G. 
Morgan. 


Connor, Paut J., and Mater, F. Ju.ian. The 

¢ value of roentgen rays in the diagnosis of 
endocrine diseases. Radiology, Sept., 1942, 
II; 283: 287. 


Endocrine disturbances frequently cause 
changes in the bones that can be diagnosed by 
roentgen examination. It is important for the 
roentgenologist to know the nature of the bone 
changes in the different endocrine diseases and 
for all physicians to realize that they must 
understand the essential facts of endocrinology, 
no matter what their specialty. 

A brief review is given of the bone changes 
that can be diagnosed roentgenologically in 
acromegaly, gigantism, dwarfism, both of the 
endocrine and non-endocrine types, Simmonds’ 
disease, Cushing’s syndrome, hyperthyroidism, 
Addison’s disease, hyperadrenalism, hyper- 
parathyroidism, the Schiiller-Christian syn- 
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drome, disseminated osteitis fibrosa, Paget’s 
disease, mongolism, pineal gland disturbance 
and hypogonadism. Enlargement of the thymus 
gland can be demonstrated only by roentgen 
examination. Ordinarily roentgen examination 
is of little value in hyperthyroidism but in long- 
standing cases it may show osteoporosis and 
often osteomalacia. It may also be possible to 
demonstrate a substernal thyroid by roentgen 
examination.— Audrey G. Morgan. 


Barven, R. P., BeLk, W. P., Pratt, G. E., and 
Taytor, W. R. [Ewing’s endothelial myeloma 
with extensive skeletal involvement.] Radio/- 
Sept., 1942, 39, 334° 336. 


The subject of this clinicopathological con- 
ference was a white boy five years of age who 
had a history of seven months’ pain in the 
joints and intermittent fever. He had been 
treated for acute rheumatic fever without im- 
provement. Laboratory examinations showed 
red cells 2,800,000, hemoglobin 50 per cent. The 
white count was 2,000, of which 68 per cent 
were adult lymphocytes. Roentgen examination 
of the skeleton showed many punched out areas 
of rarefaction in the skull, pelvis and the 
diaphyses of the femora and tibiae. All the long 
bones showed smooth, regular periosteal pro- 
liferation extending along the shafts. During 
the next two months enlargement of the spleen, 
liver and lymph nodes appeared. The child was 
given supportive and roentgen therapy but 
with the beginning of the eighth month began 
to lose ground steadily. Subcutaneous ecchy- 
moses and persistent neutropenia developed. A 
week before death the white count was 300 with 
no polymorphonuclears. This agranulocytosis 
was associated with generalized furunculosis. 

A study of the roentgenograms led to a roent- 
gen diagnosis of sympathetic neuroblastoma 
with extensive bone metastases. A study of the 
bone marrow, however, showed cells like those 
of Ewing’s endothelial myeloma and the patho- 
logical diagnosis was Ewing’s endothelial mye- 
loma with extensive bone involvement. 

In the discussion Dr. Pratt said that the 
original blood picture led to a diagnosis of 
lymphatic leukemia and asked whether a leuke- 
moid blood picture was often seen with bone 
metastases of tumor. Dr. Belk said he would not 
say it was frequent but that it might occur in 
children in extensive replacement of bone mar- 
row with tumor, and it should always be con- 
sidered in differential diagnosis when the 
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picture of aleukemic leukemia is associated with 
extensive destruction of bone.—Audrey G. 
Morgan. 


Levirt, Abe, and Levy, Dexrer S. Multiple 
myeloma. Ann. Int. Med., Nov., 1942, /7,; 
863-873. 


Multiple myeloma is a form of malignant 
tumor with multiple foci in the red bone mar- 
row. The etiology is unknown. The majority of 
cases occur in males between the fourth and 
sixth decades. The most important method of 
diagnosis is by roentgen examination of the 
bones, but the final diagnosis must be made by 
microscopic study. The blood picture is not 
characteristic except for a marked anemia. 

A case is described in a young man of twenty- 
five. He was well until September, 1936, when 
he began to have a dull aching pain in the 
thighs. He thought this was only the result of 
over-exertion for about a year, but the pain 
steadily increased until he was unable to work 
and became sharp and stabbing. In November, 
1938, he was sent to hospital. He presented 
marked anemia but no Bence-Jones protein in 
the urine. Roentgen examination showed mye- 
lomatous lesions in the skull, lumbar spine, 
pelvic bones and along the shafts of the femurs. 
He was kept in bed until his death March 23, 
1940, and given treatment for the anemia and 
other symptomatic treatment. He suffered such 
intense pain that the use of narcotics was 
necessary. 

Autopsy showed complete disintegration of 
most of the bones of the body. There was edema 
of the lower extremities caused by obstruction 
to venous return by the masses in the pelvis. 
There were metastatic calcifications of the skin 
and kidneys, myocardial degeneration and dila- 
tation of the heart and edema of the lungs.- 
Audrey G. Morgan. 


Menvitte, L. J., Wittiamson, L., and Mar- 
TINGLY, D. Renal rickets, with report of a 
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case. Radiology, Oct., 1942, 39, 410-416. 


The first case of late rickets associated with 
albuminuria was reported by Lucas in 1883. 
The authors’ case reported in this article brings 
the number of reported cases up to 128. There 
are two theories as to the cause of renal rickets. 
One is that the primary causative factor is kid- 
ney disease dating from birth or early youth 
and the other is that it is due to malfunction of 
the pituitary. The blood calcium is usually 
decreased in renal rickets and phosphorus in- 
creased. 

Renal rickets occurs as a rule in late childhood 
and apparently has no sex preference. There are 
two types of bone changes, the rachitic type 
and the woolly type in which, in addition to 
decalcification, the trabeculae are thin and the 
metaphyses suggest moth-eaten bone. 

The authors’ case was in a white boy six years 
of age who was suffering from disturbed bone 
formation and severe anemia. For nine months 
he had had yellow discoloration of the skin and 
had steadily lost weight and strength and for 
the past week had been unable to stand. He 
gradually grew weaker in spite of blood trans- 
fusions and infusions of saline and glucose 
and he died five days after admission. Roentgen 
examinations had shown decalcification of the 
bones and calcification of the arteries and soft 
tissues. The skull showed thickening of the 
tables, especially at the base. A pyelogram 
showed no signs of calculi; there was bilateral 
dilatation of the pelves but the calices were 
small. Autopsy showed the kidneys small, pale 
and scarred with several small cysts on the 
surface and small areas of calcification in the 
parenchyma. Areas of focal calcification were 
found throughout the aorta and the common 
and external iliac arteries. The bones showed 
erosion of the cortices, decalcification and 
widening of the haversian canals and fibrosis 
and giant cells. There were hematopoietic foci 
in the marrow of the diaphysis of the femur and 
in the vertebrae.— Audrey G. Morgan. 


